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ABSTRACT * ^ V 

' "^^^ ^^(4'^^^ Gulf of Mexico" (MGM) is a marine 

scien^ce curriculum ^e^^pifdeyeloped to meet the needs of 10th through 
12th grade students lii Mississippi and Alabama schools. THis MGM unit 
on the diversity of marine plants is divided into 12 sections. The 
first section introduces the unit by providing objectives and 
activities on why people classify things and on the use of a 
taxonomic key. The next 11 sections focus on: photosynethesis; algae; 
green algae; brown algae; red a,l^ae; golden brown algae; 
dinof lagellates; blue-green algae; marine bacteria; sea grasses; and 
salt matshes. Each section includes a. statement of the concept (s) to 
be leacned, objectives, text material, and one or more science ai^/or 
vocabulary activities. Objectives, procedures, apd a list of . ^ 
mater'ials/needed are provided for the science activities which focus 
on: plant pijgments; photosynthesis and li^ht; the role of carbon^ 
dioxide and oxygen in photosynthesis; diatpms; and the kinds of al^a#^ 
found around the coa^t of the pnited. States. Additional activities 
include constructing a plankton net, pressing aljgae, identifying 
algae, staining bacteria, collecting and culturing marine bacteria, 
and taking a salt marsh field trip. (JN) 
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0 - l- 

// the oceans of earth should die , , , it would be the final as well as the . * \ 

greatest catastrophe in the troublous story of man a^ihe other animals * . 
and plants with^hom man shares this planet, 
' ^ —JACQUES CpUSTEAU 

■ . ' • ; • V u.^ '., 

' ' . ' ■ . , ; ^* 

Cousteau's warning appropriately summarizes^'the need to include marine'education in 
our curriculum today. The history of mankind is closely linked to the ocean. -Man has \ 
always bein awed by the vast expanse of the sea.' It is ironic indeed that such a valuable^) 
resource Has been neglected so long in education. ^ - ' - . , 

''Man and the Gulf of Mexico (MOM)** is a marine Science curriculum d^y^Jpped for ' 
graded 10-12 with funds from the Mississippi/ Alabama ^eji Graaif^Cons'cfrtium. The^GM 
materials were specifically designed;^? meet tb? rfeed for marine science in all sM?on<iary 
schools 9f Mississippi and Alaoama. , ^ ^ 

The MGM pr6ject was a two-sta!fe effort, involving the University of Southern Missis- 
sippi, tiie University \Df South Alabama, and the Gulf Coast Research Laboratory in coop- 
eration with the Alabama and Mississippi, State Departments of Education. Sii^jjkfities 
among tfaff mnTtil'prnhlrmT of die two statj|^^|M||pjiibide this an appropriate arrange- 
ment, but also heightened the potential for^^^^Rf the project. Additionally, the educa- 
tional needs for increasecT dissemination of nilVe studies in the public schools of the sister 
states are equally urgent. Perhaps th^ most significant feature in the development of the 
MGM materials was the cooperation between University science educators, innovative sec- 
ondary school science teach^Fs-and other resc^rce personnel. These cooperative relation- 
ships were established at tW^ outsef of the project and continued throughout the duration 
^pf this cirriculum develop^ient effort. The design,, development, field testing, revision, ai)d 
' a second fi^ld test evaluj^tion spanned four yestrs of intensive and dedicated work. 
^ During the initial phase of the MGM project, selected high school science teachers re- 
sponded>to a questionnaire designed to provide information concerning each teacher's im- 
pression of the importance of certain marine topics, each teacher's self-assessment of 
his/her knowledge of thb same iparine topics, and each teacher's preference in tetms of * 
curriculum format. Results of the survey wore used to provide direction Tor the selection of 
topics and ^or the development of activities to be included m the materials. The complet/id 
materials include four units: Marine and Estu^rine Ecology, Marine Habitats, Diversity 
of Marine Animals, and Diversity o^Marine Plants. Field testing of the m^iterials was ' 
conducted in efev^n schools by biology teachers during 19^0-81. Included were two inlarud , 
ajid two coastal districts in Alabama and four'inland and three coastal districts in Missis- 
sippi. Based on those classroom evaluations, the materials were thoroughly revised during 
the summer of 1981. The'revised materials were then used in 35 scho6lsL throtighout Ala- 
bama and Missi^ippi during the 1981-82 academic year. 

vii 



The field- testing of the MGM materiaTs in the classroom has demonstrated tKat the 
marine spience materials are equally appropriate for both inland and coastal schoolar Many 
teachers Rave successfully incorporated selected MGM materials info their^existin^^ourses 
of study in biology, while others have used the coirfplete curriculum as a separata^ourse in 
marine- science. In ei^er 'case, teachers have foui^d the MGM Marine Science Curriculum 
enjoyable to t^ach and very informative. v ^ ' ' 

♦ Information and activities indexed and accumulated on microfiche throygli the Marine 
Education Materials System (MEMS) have.been invaluable during preparation of the MGM 
units. Some of the activities and concepts included as apart of MGM were modified from 
resources in the MEMS collection.- Appropriate credit is given to th^oViginal authors ^n the 
reference section of each MGM unit.;We are paijiculptrly indebted-to tllS'Jollowing marine 
education curriculum'projects for their contributions: "Man and the Sfeacoast", a project 
sponsored by *the University of North Carplina Sea Grant College PrOgratri which resulted 
In the publication ofthe North Carolina Marine Education Manual series; "Project 
COAST" {Coastal/Oceanic Awareness Studies), funded hy the Delaware Sea Grant Col- 
lege Program; and the Hawaii Marine Sciences Study Program developed by the Cur-^ 
riculum Research and Development Group at the University of Hawaii. \ . 

. We wish to acknowledge the cooperation that we have received from^ther marine edu- " 
qation projects, the Alabama and Missis*sippi State Departments of. Education,,*^ Univer- 
sity of Mississippi Law School, the National Marine Educaoon Association, and many 
individuals w^o offered suggestions that were incorporated into the MGM materials. Our 
gratitude is also extended to Dr. J. Richard Moore for permission t^nclude his plant key 
in the teacher supplement for Diversity o^ Marine Plants, We are'incwbted to the Depart- 
ment of Science Education at the University of Southern Mississippi for serving as a base of 
operation, allowing use of its equipment, and providing financial support. We especially 
would like to thank all of the dedicated Mississippi and Alabama teachers who worked'so 
diligentl)^ on MGM materials. We hope that high scJiooL students and their teachers will 
continue to find that these efforts have'beeti of value. 

JBobby N. Irby v ' . . 

Malcolm It. McEwen 
Shelia A. Brown 

Elizabeth M. Meek ^ ' J ' 
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DIVERSITY 
OF 

MARINE PLANTS 



Objectives of Diversity of Marine Plants I • ^ 

1. To famili^ize students with the m'kjor divisions of algae found in the marine eijvi- 
ronment. \ ^ ' ' ' . 

2. To emphasize diversity in form aijd size of the common^arine algal groups. 

3. To develop an understanding of^how*marine floja has adapted to survive ki its ' 
envirofiment. . , ' ' 

4. To infomifstudents abolit algarspecies found in the Gxilf of Mexico. 

5. To increase the student's appreciation of the interdependency of salt marsh' flora 
Ta'Ttd fauna. * • ' , ' v 

Ji*. To promote an understanding of the importance of marine flora to human affairs. 
7*. To inform students about vascular plants-found in selected marine habitats of the 
Gulf Coast area. ^ ' ' 

' INTRODUCTION 

Marine and marHirae'p^ants belong to many divisions of the plant kingdom. Marine 
plants include algae, sea grasses and various monocot and dicot species found -in salt 
marshes. The algae are thallophytes which do noUtave true roots, stems and leaves. Sea 
grasses are monocots which five in marine and estuarine waters. Like other moflocots and 
dicots, sea grasses have vascular tissu&» Thus, unlike the thallophytes, they mvexrue ' 
roots, §tems and leaves, , - ^ * m /"^^ 

Algae are the sfmplest plants known to man. Their diversity in form and structure is 
obvious in the marine environment. Algae may exist as sample, single-coUs (green and 
blue-green algae) or as large filamentous or branched multicellular plants as the kelps. 
The importance of plants in any ecosystem, whethenaquatic or terrestrial, must be 
emphasized. Plants', whether sift^e-celled algae or^multicellular glasses and trees, functioji 
as primary producers. As primary proc^cers^ gr6en, chlorophyllou$ plants s)aithesize 
food and'generate oxygen as^.a by-prodj|cv^f photosynthesis. The level o{ oxygen in the 
air-we breathe and the food manufaauredlSi plant protoplasm are essential to our very 
e>ystence. • \ ^ ' ^ i 

Bacteria and fungi are essential tojiny ec(^system (marine, estuarine,, or terrestrial)? 
These plant-like organisms perform aiyerse activities. They function as decomposers in 
their4;espective ecosystiims. As decomposers, the bacteria and fungi break do^n the tissues 
an\^ cfpi^rtryienfr^ organisms into sin(ipler substances through the process of decay. 

. * ^ '« 

• i 



During the process, the bacteria an4 fungi absorb some of the decomposition products and 
release inorganic nutrients,' llie inorganic nutrients relc^d into theenviionment-can be 
r^ytled by primary produjters. . - 



VOCABULARY \, 

... , • . 

Algae — unicellular or multicellular photosynthetic plants that do not have roots, stems, or 

leaves.^ \ ^ * . ' ' . 

Aquatic — living in watw,. 

Bacteria — a group of microscopic, one-ceiled protists^ . ° . . 

Decay — the reduction of the substances of a plant/animal body to simple compounds. 

Decomposers — organisms that br?^ dowmthe tissues and excretions of other organisms 

into simpler substances through the process of decay, ^ 
Dico^^=a^see3^1ant with two ^eed leaves (cotyledons). 

Ecosystem — a community of organisms interacting with each other and the environm^ent in 

which they live. ^ '4 ' ^ ^ 

Environment — the surroundings of an organism. ^ 
Fungi— all nonvascular plants lacking chk>rophyll, except bacteria and slime mcilds. 
Inorganic nutrients — substances which projmote growth and development in organisms. 

Inorganic -nutrients do not contain carbon. ' . 

Kelp — large, tough, brown seaweeds. • 
Monocot — a flowerin^plant that^develops a single seed leaf (cotyledon). 
Photosynthesis — process of plants by*whij:h energy-rich organic compounds are made 

from wattr and carbon dioxide using sunlight as the energy source. . 
Primary producers — organisms that synthesize organic matter fro'm inorganic-substances; 
. plants. ' ■ ' ^ ^ ' 

Protoplasm — refers to the complex, constantly changing system of-spbstances that estab- ' 

lished the living condition. • ^< • • ^ 

Sea grasses — monocot plants living in marine waters. . - 

ThallophyteJ — plants having a body without true roqts^ stems, and leaves. 
Vascular tissues — specialized tissue for the transport of food, water and minerals (xylem 
^ and phfoem). , ^ ^ . 



^ WHY CLASSIFY? 

We as humans are constantly placing our possessions into groups. Everything must be 
placed' irlf<)(s6me category. Thus, it is no different when it comes to living-creatures. We 
first place all of tho^e that are alike into onecroup and those that are different iiito other 
groups. Even ydir scho6l class is groupedjI^Hof the 10th graders are intone group and 
llth graders in another class. You are grouped in this way by the numberu^ years you 
have been attending school. As you can see, the criterion may b^ different in some in^ 
nd cause a change in the make up of a group. All students in youriiology class 



stances anc 



are'takiHg biology. There mayte 9th, 40th, 11th or l^th grade ^^tuden^iil this class bat in 
this instance,^ grade level is not the characterfstic th^t^is important or simjldr.; ' . 
Biologists aie always looking for ways ta classify organisnistnatr|jare relevant arid easy to 

' understand by the user. Taxonomy is the term used, to'tefer.td the 4re^ of science dealing ^ 
with the naming an<l'Qlassificatioii of living or|anisms. A systep o( classification should be 
devised to indicate similarities among the organisms a group,'as welKas^he differences 
from other groups^ Any^good^lassificatidn system will ^Iso provide ^e'lixact genus and 

^species for each living oi-gamstn. This will #fe the sciejntifiCrnariie of'the organism and there 
should not be any other organism in the world with tliis name, n ■ ^ . ' . 

In the accepted organizational plan, ^he largest and mosl.compreherisive grouping is that 
of the kingdom. Organisms are-then placedin subcategories calted phyla. 4 phylum is then 
subdivided into classes. The class is .subdivided*into orders, and the order is subdivided • 
into families: ThS family is. ^ttiidivided" into genera (plural of. "genus"), and the genus-may 
be subdivided into species. The Scientific name then is always composed of the gepus and 
species. The genus is ustially a noun and the species an adjective describing the noun. 

• ■■ ■ ■ 
Objective . 

^To classify a group of fictitious marih^Porgariisms in order to develop an understanding 
of how a classification system can be us^ 

Materials \ . ■ ^ . • 

' , the attached page of fictitioas marine plants • 

Procedure: ' \ . ■ * 

I) . ■ . . ■ . .. / . •. 

'■■ ■ p ■ \' •' ■ f 

Before constructing your classificatibn. systdYn, carefulhy examine all of the fictitious 

mariiie organisms. As you examine the organisms concentrate on tHeir physical appear-j 
.ance. Try to observe and note like and i^nlike characteristics of the organisms. Thes'e^h^ar- 
acteristics are implant in establishing the categories necessary for clas^fication. \ 
, 'As a; group, first (ioij^plete Tible I so that you will be able to classify eiach organisni. For 
example: The kingdom criterion Thight be "plant-like or animal-liKe'\ Since^all of the 
fictitiou^organlsms exhibi^ "plant-like" characteristics place them together as pknts. For 
the n|xt category you.:niight separate the plants into "^qua.tic or terrestrial plants"? "her- 
baceous or woody'' . With careful obseryationsiyou c^an devise a good system of 
•classificatiqrt based uponyour observations. The criteria are abundant (leaf shape, fruit 
type, flower type). ' , / L ' ^ ' 



\ VOCA3ULARY* V- 

G^nus— th czteg^Xy of biological classification'ranking between the family.and the species. 
Species-— a^Wiup^of animal^'pr plants ^hkh possess in common one or mor^ character!^- 
: 'tics distinguishing them from- other similar grbups. These organisms usually interbreed 
and repr«duc:e their characteristics in their offspring.; / " ' 




Table I: ' 








Category 


Criterion Used 


• Exahiple 


Kingdom 


plant-like /animal-like 


Plant 


Division 






Class 






Order 






Family 






Genus 


A __ 




Species ^ 
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■ V. 



, . ■ ■ ■' ■ • ' ' • ■ ^f|i 

■ Use your own system to classify the organisms which appear in the drawing. Place y6ur responses in the^cdfempanying 
data table. ' • " \ 



Plant Plant Plant Plant, Plant Plant Plant Plahtfr. Plant 



1 

Kingdom ^ 


. 1 


- 2 




4 


* 

5 


6 


'.7 


' R- if' 


9 ' 


7' 












1 






Division 






> 










^n- 

. i'-' 
U- 




Clasps 
















I- 




Order 


1 






r: ' 








^ 




Family 




















Genus 
















9 




Species 








ft 













1. fli^hich ofganisois seem to be more closely related?. 

2. Which two organisms seem to differ the most?_ 



3. Record your scientific name for organisms 4, 6', 8, and 9. 

' 4. ' ^ 1 8, _ 

6 ^ : '. .9. 



r. 
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USE OF A TAXONOMIC KEY 



Introduction , 

Many of the early biologists studied xhe structure of organisms. As a result of these 
studies, many of mir methods of classification (taxonomy) of plants and animals are , 
based on the structures of organisms. 

In any plant or animal, there may be huhdreds, even thousands, of characteristics which 
appear to'separate it from all othbr organisms. Experience has shown, however, that most 
of these are not extremely important in determining the species of the organism. Usually 
only a few charafcteristics are valuable in determining the species. But if you were given an 
organism to classify, you would" probably be both amazed an'd confused by the large num- 
ber of characteristics that are present. Which characteristics do you use in classifying this 
organism? The answer is simple. You must center your attention oh just a few, critical x 
characteristics and disregard the others. Wouldn't it be nice if the plants and animals on 
earth only showed these "critical characteristics? Unfortunately, plants and animals do not 
exist in this manner. * " 

Man-made iter?i's sometimes are much simpler, than those found in nature. This is true of 
some of thje items in everyday use. Consider all the different types of spoons that help fill 
the drawers in any kitchen or the different kinds of nails, pipe fittings, pins, of bullets.^ 

To make the job of learning to use a taxonomic key easier, we have chosen i6 work 
with screws. Screws are used for many purposes and come in many shapes and sizes. Each 
has a specific name, much like a plant or animal! The parts of a screw are extremely simple. 
There is an expanded portion called the head and^ long, slender portion called me shaft. 
Screws can be separated from naifs, for example^by the fact that the shaft is threaded, that 
is, it has a groove spiraling around it from its point toward the he*ad.. 

Objectives ^ ' 

Each student shall be able to: 

1. Use a key to separate organisms or items into categories based on krfown structure. 

2. Define the following terms: taxonomy, taxonomic key: 

Materials ■ ) ^ • 

5 each of the following for a class of 20-25 students: ^ 

round-headed machine screw, hex-headed machine screw, flat-headed machine screw, 
thumb-grip machine screw, eye screw, hex-headed^ metal screw (slotless and not), pan- 
headed metal scre^, flat-headed wood screw, round-headed wood screw, flat-headed ^ 
rfietal screw, round-headed metal screw, pan-headed metal screw (Phillips head and/or 
straight slot) * ' . 

Procedure ;; » 

Using your lab samples^ identi^' one screw at a time. Read each couplet as a unit. If 
your answer to the first statemenfc is "yes", go to the couplet indicated; if a name appears, 





HEAD 




SHAFT 



> . 




Round head Flat head Pan head 

COLLAR 




Hex head 





Collar under 
head 



Top of shaft 
squared 



FIGURE 1 -^-v^: 



i /^ : r^' '''^ • j'J^^^^ with 1 or 2 slots . 
^^I'^i ''"?b^'^Head without a slot. . . , 




Key to North AmeHcan Screws ^ 

1. a. Sides of shaft^^hreaded part) parallel (no point)... 2 

b.;*SidesJbf shaft tigering to a point (as in 1)... 6 

: \ ^ [ 3 

'5 

3. ll^r* Hea^l founded on upper surface. .......A Round-headed machine screw 

b. Head not jounfled on upper surf ace ,...1? 4 

4. a. Head flat, six-sided < Hex-headed machine screw 

' b. rie^^flat^,.tap'ering to shaft 7: ..^-Ilaf^eaded machine screw 

a-.^^He^'^rs'ix-side flat on top.'. Hex-Pleaded machine screw 

b. ^eadTJf^ttened parallel to plane of » 

iiib'> - ^^^'^g.^xis of shaft Thumb-grip machine screw 

'c^.with no slot§ " , 7 

p. or 2 slots !: 8 

d'into ring ^ Eye screw 

six sides & flattened collar Hex-headed mj^uUstrew 

ad with single slot or collar / 9 

./'Hesd with two slots at right angles to each other ^ 11 

9. 'ST/ Shaft with thread all the way up tb the head, pan head Pan-^headed metal screw 

b. Shaft with unthreaded area below head > 10 

10. a. Head flat Flat-headed wood screw 

- - b. H^d rounded Round-headed wood screw 

11. a. Head flat Flat-headed metal screw 

b. Headtiotflat !\ ji 

12. a. Head round..* ; ^ .Round-headed metal screto 

b. Head pan , ; Pan-headed metal screw 
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you have identified your screw. If your answer to the first statement of the pair is "no'\ go 
then to the second statement of that pair. Your answer to this must be "yes". If you cannot 
give a positive answer to the second statement either, you are off the track. Return to the 
beginning of the key and start over, being very careful to read each statement accurately 
and to examirte your screw meticulously. , 

After you have identified a screw, set it aside with its proper identification indicated. 
Take another screw/ and begin with the first' couplet again. You must alway^ begin with the 
first couplet. ^ / i . , - ^ 

\ ' VOCABULARY . ^ 

Taxonomic key— a table in which the distinguishing characteristics of a group o^ pfants or 

animals arevarranged so as to make it easier to determine their names. 
Taxonomy^— classification' of organisms, -based as far as possible on natural relationships. 



^ x:qncepta 

Photosynthesis, an important series o^piemical reacti(»s, is the process by which plants 
synthesize orga'hic food materials from inorganic materia^l ' ^ ' 

Objectives J ' 

Upon completion of this concept, t^e stucfent shsjjjld be able: 

, a. To explain the importance of plants in any ecosystem. . 

b. To give an overall reaction of photosynthesis. ' * > 

c. To list the.materials necessary for photosynthesis. 

d. ' To list the products of photosynthesis. 

^. To discuss a method that can be used to separate a mixture of chemical substances. 

PHOTOSYNTHESIS 

Green plants and certain bacteria are capable of converting inorganic materials into or-^ 
ganrc substances. These autotrophs are important to'the ecosystem because their activity 
produces plant protoplasm and other products which are basic sources of energy and the 
building blocks for the synthesis of animal protoplasm. The process by whic^ plants syn- 
thesize organic food materials from inorganic materials is called photosynth^is. In this 
process light energy is converted to chemical energy. Carbon dioxide and watot^ the 
inorganic substances 'plants use to produce glucose. Sunlight, enzymes, and photosyn- 
thetic pigments must be preseat-for plants to convert carbon dioxide and water into glu- 
cose^and oxygen. ' ^ . . 



solar 
^ energy^ 

6CO2 + 6H2O — ■ ■ 1 : >' C6H12O6 + 6O2 

enzymes ■ v 



jihotosynthe^ic ' ; ' ^ . 

pigmerit V' 

Chlorophyll is the photosynthetic pigment which must be present for photosynthesis to 
occur. It is the major catalyst necessary for photosynthesis. A catalyst is a substance that 
affects ^a chemical reaction but does not. enter into it chemically. 

Both products of photosynthesis are important. Glucose is important beciause it is a food 
resource used by animals. Oxygen is important because it is utilized by plants and animals 
in the respirationi of their food. Since the maintenance of adequate food supplies and 
atmospheric oxygen is essential to life, photosynthesis is considered the most important 
chemical process on earth. 

VOCABULARY V. 

< . . . . .' ^ 

Autotrophs — organisms capable of synthesizing protoplasm from- inorganic substances. 

Catal^t — a substance which regulates the rate of a chemical reaction without being used 
up in. the reaction. ' 

Chlorophyll — the green pigment present in plants needed for photosvnt' 

Ecosystem — a community of organisms interacting with enrh 1 ^^nm.^nt in 

which they live. . 'j ■ 

E 1/} aic otein-like catalyst produ(^ed by living^ells. 

Glucose — a simple sugar, CeHi^Qk, also termec^dextrose or grapf sugar. 

Inorganic materials — substances^utrients) wmch promote growth and deveippfeent in 
organisms. 

Photosynthesis— process of plants by which energy-rich organic ?dfhpounds are made 
from water and carbon dioxide using sunlight as the energy source. 

Photosynthetic pigments — chlorppbylls, xanthophylls and caroteines found in plastids; 

- they are involved i/i photosyntni^is. ' 

Protoplasm — refers to the complex, constantly changing system of substances that estab- ,1 
lisheilthe living condition. ^ l' 

Respiration — a series of complex oxidation-reduction reactions whereby li^oe cells obtain 
energy through the breakdown 0{ organic materials and in which some of tje inter- 

. mediate materials can be utilized for various syntheses. 



Activity: PHOTOSYNTHESIS AND LIGHT 

Objective % , 

To observe the effects of light and dark on a grejn planet. 



4 



Materials ■ ' 

2 corn or bean seedlings per student pair (that have been previously germinated and are 
at present from 3-4 inches above soil level), 4 rulers, marking pens, test tubes, test tube , 
racks, -aluminuiy foil, £/oi/e^«,-paper ^ ^ 

Procedure 

A. Terrestrial Plant — Each student pair should obtain two pjants. Label one plant "A" 

and the other "B". Count the number of leaves on e^h plant. Measure the approximate 

height of each plant. Record yoi^r data. Place plant "A" in a closet or any area where light 

exposure is poor. After 3-4 days, examine ea'ch-pot. Measure the height of each and count 

the number of leaves on each pliant. - - . 

^ Record your data. - / a 

Data Sheet — Photosynthesis and Light ^ ' _ 





Plant 


"A" ' 


Plant 






' Day 1 


Day 4 


Day 1 


'Day 4 


Number of Leaves 








c 


Plant Height 










Color of Leaves 











c6mments 
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what color are the leaves and stems of the plant grownr in the light? 



Do the leaves and stems of the plant grown in the dark differ froms»th6se of the plant 
grown in the»light? , ^ ^ 



Hpw do they differ? 



Whix:h leaves appear to have more chlorophyll?. 



Is there a difference in height betweeaplartt "A" and "B"?> 
What might havji^ciused the difference? 



Aquatic (Plant — Each student psfir sfiould obtain tw(^2-3" segments' of Elodea Place 
each segment Into a test tube containing water. Label tubes "A" and "B". Covt; p! t B" 
in aluminum foil. Place each tub^ in a rack side bv sirl ^ -r the'r , in in n , a any 
area exposed to light. After 4-5 davs rr^ ^ovc nc tioci^a from the test tubes. Lay the pUnts 
side by side on a piece of white paper. ^ ^ 

Does the color vary between the plants? — ^ ^ — 



Does the size vary?_ 



-Why? 



Do the leaves viry? . 

Can you explain why the plants vary?_ 



Is light essential for plant survival?- 



Activity: THE ROLE OF CO2 AND O2 IN PHOTOSYNTHESIS 

' . ■ - ^. 

Objective ' , . 

To ndte the significance of certain gases to photosynthesis. ' 
\ 

^Materials ^ 

beakers, test tubes, Elodea^ Bromthym^l blue, straws 

Procedure 

Students should work in pairs. ^ 
A, Each student pair should obtain three test tubes. Fill each tube with ^Vater. Label the 
tubes "A")^B"/ and "C" respectively. In tube "A" place^'a spfig of Elodea. To each tube 
add 3-4 drops of bromthymol blue. With a straw, blow into tubes "A" and "B" until a 
color change occurs. Leave tube alone. 



- . 11 

,1 V • 1- 



eOa + H^O- 



\neutral 
blue-' 



'acid 

yelloM(-green 



Set th^ tubes in a well lighted area. Observe the tubes for the next hour at IS minute 



intervals. Record yobr dati. ^ . , 
Tube«A" ^ 


' Tube "B" 


* ft 

Tube"C" 


Time 


Elodea -f . , . ■ , 
H,0 + CO, + ^o'^thymol 
blue 


j_j^^^J^bromthymol 
blue 


^ bromthymol 
.^^ ^ blue 


0 






— ; 1 : — 


1: inin. 








30 min. 




( 




.45 min. 








1 hr. 


f/' ' 







What gas is necessary foi photosyyfthesis to tal^plac,e?_ 

What is an indicator? ^ 

What color wastufce "A" after you blew CO2 
What happened to cause a color change in 1 hour^_ 



Is carbon dioxide used in photosynthesis?. 
Did tube "C" change colors? 



_Why? 



Did tube "B" change cojprs?- 



-Why? 



-WHat gas is a product of photqsvnth 
Writ^ an equation to represent pnotc 



esisr 



osynthfesis. 



B. Place a 4-5" sprig of Elodea into a test tube. Fill the tube 
with water. Shake the tube to rid it of any bubbles. Fill a 
beaker f/3 full with water. Place your thumb over the top of 
the test tube, invert it, and place it into the beaker of water. 
Remove your thumb. The test tube ilow becomes A gas trap 
(Figiy^ 1). Place the tube and beaker into a well lighted area 
for 1-2 hours. Observed the setup periodically throughout 
the time span. 

Do you see any air bubbles forming? '. : 

If so/what; gas is being evolved? ^ , 




Figure 1. Gas Trap 
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VOCABULARY ACTIVITY FOR CONCEPT A 



'Hidden in the letters below are 10 vocabulary words that are related to Concept A. The 
words may be writterf vertically (up-and-down), horizontally (across), backwards, or 
magpnally. Try to find ten words. 



B 


E 


R 


R 


C 




T 


U 


Y 


S 


Z 


% 


T 


V 


R 


I . 


N 


0 


R 


G 


A 


N 


I 


C 


T 


0 


C 


V 


R 


T 


Y 


U 


G 


W 


Q 


S 


\ 


K 


M 


X 


c 


M 


A 


K 


L 


R 


.G 


N 


E 


M 


N 


Z 


B 




T 


W 


U 


0 


M 


0 


T 


H 


R 


S , 


Y 


K 


L 


M 


C 


o' 


T 


E 


R 


S 


T 


M 


,N 


0 


X 


Y 


0 


Z 


M 


0 


0 


P 


Q 


N 


R 


S 


W . 


X 


S , 


E 


0 


P 


c 


R 


T 


G 


Y 


H 


J 


L 


E 


C 


X 


Z 


R 




B 


Q, 


R 


S 


U 


I 


P 


V 


W 


P 


M 


E 




S 


Y 


S 


0 


C 


E 


U 


B 


E 


'v 


W 




A 


C 


T 


U 


T 


P 


B 


C 




N 


R 


T 


0/ 


L 


I 


N 


0 


0 


W 


H 


Q 


M 


Z 


R 


S 


P 


Y 


tJ 


E 


s" 


H' 


T 








Y 


Z 


N 


0 


S 


A 


M 


z 


P 


U 


T 


D 


Q 


M 


M 


0 


R 


T 


G, 


G 


s 


T 


M 


N 


P 


A 


E 


B 




F 




R 


I 


I 


J 


K 


N 


M 


B 1 C 


H' 


L 


0 


R 


0 


P 


H 


Y 






M 



Answers: photosynthesis, autotrophs, ecosystem, catalyst, enzyme^, chlorophyll; glucose, 
pigment, inorganic, organic 



- CONCfePt B> 

Algae represent one group of plants that do not posses true rootaT, stems t^r leaVes and 
'exist in a variety of sizes and forms adapted fo^survival irt-t!ieir environment. ♦ JL 

*;» ■ ^ • " ^ , . ' 

Objectives. ■ ■ ^ ^ 

tUpon completion 6f thi5 concTept; the student should be 'able: - J^^" 

- ''^ < • * - ^ 

a,' To list the charactjeristics of thallophytes, - ^ 

b'. To differentiate; between procaryQtic and eufaryOtic cells. 

c/ To name an algal'group which has procaryotic cells. ' . * ^ 

- d. To naftc an algal group which has eucaryotic cells 

e. ^ To differentiate between the term annual and perennial. - <r ' 

f. To list various forijjs of algae. , 

g. To list three habitats of algae. , . ^ ^ 

h. To list.two physical factors which affect growth. 

i. To list two adaptations of the seaweed thallus to the environment. 

j. To state various characteristics used to divide algae into major divisions. . 

• To discuss the importance of algae to the ecosystem. - y * 

1. To state the economic importance of algae. 

ALGAE 

Diversity among marine plants is quite obvious within the thallophyte group Called 
algae, the grasses of the sea. Algae exist in more forms than any other group of living ^ 
things. 

Algae are the simplest plants. The blue-green forms are composed of procaryotic cells; 
all other forms.are composed of eucaryotic cells (Figure 1). Structural characrerist^cs .range 
from the microscopic, unicellular forms iPleurococcus) to those wit^i millions of cells, such 
as the giant kelp (Figure 2). Chlorophyll and other pigments are localized in chloroplasts 
of'^distinct size and shape which vary from genus to gegus. The most primitive algae are 
flagellated (Figure-2). ' . 

Algae are found in many cufious and son^etimes beautiful shapes. Some forms resemble 
trees and'sfome exist in colonies encased within a gelatinous substance. Cladophora is re- 
presentative of the threadlike alga, while Ulva somewhat resembles a ribbon. En- 
teromorpha has separate layers of cells .which give it a hollow effect. Some are annuals, 
others perennials,. so they look different during^different^easons. 

Algae produce their own food by photosynthesis, and they zrc nourished by substantias 
suspended within the water which surrounds them. These plants must not be exposed to 
air over a very long period of tim^, for they will wilt. ^ 

Water is byjar the most common habitat of algae, but they may also be found on tress, 
rocks, in animal bodies and other places. Algae are world'wide^in distribution and different 
species are endemic to certain enyironments. Each ocean has its own distinctive flora, and 
if one species of algae is represented by a very high percentage in one ocean, it will hardly 
be found, if at-all, in the others. Of Hi the algae found in the coastal waters of the United . 
States, only 10% is found on both coasts. 



cell wall 




r_ cell membrane 



endoplasmic 
reticulum — 



"* Golgi bodies . 

chromosome 

.nucleolus 

nucleus 

nuclear 
membrane 



A. Procaryolic Cell 




chloroplast 



ribosomes 



, vacuo fe 



. cell wall 
. mitochondrion 

_ plasma " 
^membrane 

leucoplast 



B. E^ucaryotic Cell 
Figure 1. Typical prpcaryotic (A) and eucaryotic (B) cells. 
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\ ' A. SiA'gle-cell with iWnous.^ . B,^ Rkmentous alga in gelatinous 




lamina 



•1, 



stipe 



holdfast* 



C. Multicelllilar ke^i|) ,\Vit^^^^ 
ribbon -like blade* • • 




2ur bladder 



holdfast 




^ - P/^Mul^^^^^ bFanch'ed thallus 
; 'V » « " With air rbladdei::s : ^ i 




E. Flagfellated colpnial alga F* Nonflagellated colonial alga / / 





G. Unicellular dinofla^ellate H. Usiicellular diatom; nonflagellate^ 

Figure 2. Variation in body form of the algae. ^ ; ' • ' 

% 
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Physical factors such as differences in salinity, temperafur^, available/light, pollution, 
wrter currcjot'sr^'^ies, and shoreHne type dictate how well an organism will live. A very 
harsfiepvii;oAr^ even limit the presence of sgme organism in specific localities. 

Usuilt)^'^^^^^ limited to the coastline^f th^ continents because of the light 

hctqr/Th^tse plShts[ may possess very highly adaptive anatomical features that allow them 
to exist ii^iBii^ shoreline environment which is constantly being washed by wave action. 
Many plants will be torn loose and can be found floating in the uppet waters almost any • 
place^ in the world. ' 

Algae will-not be found in the deeper habitats because the Hght intensity is not great 
enough to ^ustaln photosyiiphetic activity necessary for food production. 

We can divide the coastline into three areas that will support algaeT"The-subtidal area is 
below the low pde level and her^ the extremes ip.lightj'^eat and violent wave action are 
held to- a minihium. The intertidal area is exposed for ab'oula 12-hour period of drying 
and a similar submergence once a. day along the Gulf Coast. The supratidal area is the area 
above the highest tide that recei^(es the spray from the high tides. The subtidal and .inter- 
tidal areas usually support the greatest algal populations. ] V 

If there are alterations along.the sjhpreline such as concrete pilings brother objects, there 
may^ additional areas where algae may be found. These areas are" usually. very rich in 

algal flora. . ^ ' ' ' - 

Seaweeds represent the larg^ marine algae. These look somewhat like .the higher land 
/plants; but they are quite differenj in that they do not have roots, stems, or leaves. Sea^ 
^we^ds are well adapted for the marine habitat, They usually grow near the shore where, 
they attach themselves to rocks, othfer objects, or to the bottom by hq|dfasts which look 
like roots (Figure 2). Their bodies al*e generally quite flexible, and some have air floats that 
help them stay li ear the surface in order .t©'get sufficient light for photosynthesis through 
the shallowSi^ter. ^ ^ ^ " 

E^ich part of a seaweed has very: specific functions (Figure 2). The body, orthallus, may 
consist of ,a simple fila^nent, a branched filament, a hollow tube or bladder, a bushy tuft of 
cylindrical or flattened batches, or a simple or compound blade, sometimes called a 
J^mina. Attached to the thaRus 'is the stemlike -stipe. The stipe Varies. among species, but ip 
each it is highly ada^ed for its injportant role of holding the plant tojgether agaii^ the. 
* force of moving 'water (Figure 2C\ D). Some species have floats, called bladders which 
help themstay afloaf in orderto receive enough light. At the other end of the stipe the ^ 
aptly nam* holdfast does juSt that, holds the plant tightly to its anchor. Unlike a rSot, it 
does not transport waterand nutrients. In sand and mud habitats, such as thpse foupd in 
the Gulf of Mexico, some j^lants have holdfasts that surround and attach to sedjcftent parti- 
cles to fortn an anchor within the Joose substrate. " C 

Algae are 'of enormous importance to the ecosystem. They produce five tirn^ more ^ 
matter than land plants, and this matter is food for a' great variety of animals,^fribm.the 
rotozoa to humans. About ninety percent of the photosynthesis on earth* is carried out 
y algae, so they are great producers of oxygfen, too.^Algae also are co'ntributors to human 
•knowledge of biological processes/for.their simplicity of structure lends itself well to labo- 
ratory study.' di,/^ . ' . * , ^ / 

The algae are organized into divisions based on differejices in cell type, photosynthetic 
pfgrherits, nature of food stored,, and other characteristics relating to morphology and 
motility. Table 1 lists various chXpct;eristics used to distinguish the divisions of algae. 
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DIVISION . 



TABLE 1 



The Divisions of Algae and Their Differentiation (Bold, 1973). 



Cyanophycophyta 

St 

9 


Blue-green algae 


Procaryotic 

i 


Cyanophycean %X2xJ^ 


chlorophyll (a,h) 
Carotene (2) 
3^an;^ophyj)[ 
*Phycocyanin 

i. ity v-vci y uirui 


Chlorophycophyta 


Green algae 

I i 


, ' ^ucaryotic ^ ^ - 

- • 


- Starch 


*Chlorophyll ^ 

Carotene (3) 
Xanthophylls (4) 


Phaeophycophyta 


Brown algae 


Eucaryotic 


' Mannitol 
(laminarin) 


Chlorophyll 
(a^c) ^ 
Carotene (1) 
XanthophyUs.<6) 
*Fucoxanthin 


Chrysophycophyta 


Golden algae " t 


Eucaryotic 


Oil 1 
(Chrysolammarian) 


- Chlorophyll 

(a,c,e) 
^Caroten^ (1) 
*Xanthophylls (2) 


Pyjrhophycophyta 
* * 


Dinoflagellates 

\_ 


Eucaryotic 

.1^ . . ' 


Starch & Oil ' ^ 

w 


Chlorophyll 
(a,h) 

Carotene (1) 
'^Xanthophylls (sev- 
eral) 



pjiodophycophyta 



led algae 



Eticaryotic 



Floridean 
Starch 



Chlorophyll / 

(aj,c) 

Carotene (1) 

Xanthophyll (several) 
tPhypocyanin 
'^•Phycoerythrin 



Mmpart color td the algae. 
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VOCABULARY 

Algae — ^^unicellular or multicellular photosynthetic plants which do not have roots, stems 

or leaves. . ~- - 

Annual — a plant wkich completes its life history within a year,. 

Bladders— "air bladders",, "floats''; structures of Certain algae which increase buoyancy so 
that the algae can float on or in the water. They are morphological adaptations to ins\ii-j?. 
' that the plants are exposed to sunlight for photosynthetic processes. 
Chlorophyll — the green photosynthetic pigment found m plants. 

Chloroplast — a membrane-bounded area of cytoplasm containing photosyntheticvmerti- _ 

braneis (lamellae). » 
Ecosystem— a community of organisms interacting with each other and the envirpnment in 

which they liye. 

Eucaryotic cell — cell having membrane bound organelles (nuclei, Golgi apparatus, 
mitochondria). ' 

Flagellated — beai4ng flagella; whiplike projections of cytoplasm used in locomotion by 
certain organisnis or sex cells. - . 

Flora—rthe plants oVplant life occurring in a g^n locality. The predominant marine flora 
are floating phytoplankton, attached near shore algae, and marine grasses. 

Habitat — the place where an organism lives. 4 

Holdfast? — an attaching organ of some algae. . ^ ■ 

Intertidal zone — in the marine environment, the area of the shore that is periodically 

covered and uncovered by water. 
Lamina — a simple leaf-like structure; the thin layered thallus of some algae. 
Perennials — plants living three or more seasons. - . . 

Photosynthesis — process of plants by which energy-rich organic compounds are made 

from water and carbon dioxide using sunlight as the energy source. 
Procaryotic cell — cells lacking membrane-bounded nuclei, plastids, Golgi bodies and 

mitochondria. Blue-green algae and bacteria possess procaryotic cells. 
Seaweed — large, marine algae such as the kelps. ^ 
' Stipe — the portion of a kelp between the bkde and base (holdfast). 
^ Subtidal zone— the area of the beach that lies below the high tide line. ^ 
Supratidal^zone — the area of the beach that lies above the high tide line. 
Thallophyte— a plant having a body without roots, stems, or leaves. ^ 
* Thallus— a plant body with no true roots, ste^s, or leaves; the flattened body of some 

lower plants. * ' 

' Activity: Plant Pigments ' \\ 

Marine algae and terrestrial plants contain chlorophyll, carotene, and xanthophyll pig- 
ments. These pigments can be easily extracted from plant tissues and separated from each 
other. The pigments differ in color which allows for easy identification. 

Objective . ^ ■ ^ ' 

To extract plant pigments from live tissue and separate them into groups based on color; 



s^Materials 

pap^r clips, test tubes, corks, test tube r^cks, strips of chromatography or filter paper, 
scissors, pencils, blender or mortar and pestle, developing solution (8% acetone, 92%/ : 
ether), spinach leaves or algae, toothpick?, ethyl alc(3hol (95%) 

Procedure ■ 
'/ T^. . 

A. Pigment extraction jm 

1 . Place the plant materials in a blender/'* ^ . - ^ 

2. Estimate tf^e plant volume. " 

3. Add 3— 4 volbmes of the extracting solution (95% alcohol). * 

4. Blend for approximately 2 minutes. Plant materials should appear homogenized.' 

5. Allow the plant debris to settle. Pour the supernant (the upper layer) through 
general purpose filter paper to remove the plant debris. ^ 

6. . This supernant contains' the photosynthetic pigments. Store the pigmenrin the 

refrigerator in the dark until you are ready to use the material. Be sure to use a 
covered container. * - 

B. Certain pigments can be separated from each other due to their differential solubility 
in various organic solvents. 

1. Place about 1 inch of the chlorophyll extract in a test tube. 

2. Add an equal amount of ether to the tube. - 

3. Shake the tube'and set it aside. — 

4. Allow the layers to separate. 



In which layer is the chlorophyll? 
tell?_ 



or ether? '(^ 
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How could you 



What pigments are in the other layer? _ 

Why were you able to separate the pigments this way? 



C. Plant pigments can also be separated by paper chromatography. 

1. Cut a strip of chromatograph paper or filter paper large enough to hang in a test 
tube from a paper clip inserted into a cork without touching the sides or bottom 
of the test tube (Figure 1). 

2. Mark the paper at approximately Va of an inch from the bottorn of the paper with 
a pencil. (Only use a lead pencil. Ink will travel up the paper with the solvent.) • 

3. By using a tooth pick, place a drop of pigment extract on the pencil mark. Let 
dry and repeat several times. , - 

4. Add about Vz inch of the ether-acetone, solution to the test tube. 

5. Hook the strip of paper on the clip. ' 

6. Carefully place the pap^r into tKe test tube. Be sure the pigment spot does not 
touch the developing solution in the test tube.^ 

7. If necessary adjust the hook to avoid the^pigment spot from entering the solvent. 

8. Periodically check the set-up. Watch the developing solution rise and the separa- 
tion of the pigments. - 



'•if you do not have a blender, the plant mal&rial can be ground in a mortar and pestle to which some sand has been added. 
Add some alcohol and empty into af container covered with aluminum foil. Add 3-4 volumes of alcohol and let steep 
overnight. 



20 



31 



4 



Figure'!. . 



J. carotene, orange 
3-xanthophyll, yellow 

yLchlorophyll 
l^chlorophyll b , 



9. When the solvent edge reaches the hook area remove your cljromatogram from 
the tube. Note the colors.. 

What colors do you see? " 

What pigment does each color represent? : 



What pigment traveled the farthest? . 



Which pigment trayeled the shortest distance? . 



VOCABULARY ACTIVITY FOR CONCEPT B 



Hidden in the letters below are 10 vocabulary words related to 'Concept B, The words 
may be written vertically (up-and-down), horizontally (across), backwards, or diagonally. 
Try to find the 10 words. ^ , 
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Answers: algae, chloroplast, flora, seaweed, thallophyte, stipe, procafyote, bladder, 
chlorophyll. 
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VOCABULARY ACTIVITY FOR CONCEPT B , 

Below you will fitid scrambled vocabulary words that are relatecfto Concept B. Un- 
scramble the letters of each word and write rtin*the blank provided. Notice that some 
words have letters circled. If you *write eafeh of these letters.down in order you can spell 
the **mystery" vocabulary word. 



I 



I. s^adh0otl 

i. e g a 0 a ^ 
3" t (o) r a 1 t i 1 « 

4. e 0 d b a. d 1 \ 

5. n 0 n a 1 u s 

What is the "mystery 7 vocabulary word? 

M.0 i p s e ^ 

2. b i 0 a t a t 

3. g e 1 (a^a 

4. m a 0 n i a 

5. 1 a t r i t 'o 0' , ^ 

6. s a d f h 0 t 1 

7. r c a 0 o r o y t e 

8. s u 1 0 a t 1 

9. lopch0rohll 

10. h o 0 o p y n ^ t h e i s s 

II. w 0 d e a s e 

What is the ''mystery*' vocabulary word? 
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VOCABULARY ACTIVITY FOR CONCEPT B 

Try to work this crossword puzzle by using Concept B vocabulary words. ^ 

1. Plant life of a given area. ^ 

2. The place where an organism lives. 

3. A plant body without true roots, stems, and leaves. 

4. Large marine algae as the kelps. 

5. An adaptation of the thallus of some algae used for attachment. 

6. Structures found in some algae which increase buoyancy, floats. . * 

7. A green photosynthetic pigment. 

8. A plant that completes its life history in one year. % 

9. The portion o^a kelp between the blade and holdfast. 

10. Does not have membrane-bounded organelles. " 




/ CONCEPT C 

The green algae are a diverse group of eucaryotic algal forms which have a grassy-green 
color and store starch as a food reserve. 

''^ Objectives -'l • ' 

Upon completion of this concept, the student should be able: 

a. To name the food reserve of green algae. ^ 

b. To explain the life history of one green alga. ^ 

To state the dominant pigment in green algae. * 
d. To sute the^^importance of green algae to the ecosystem. 
^ e. To name general habitats of green algae. r 

f. To give two human uses of green algae. ^ 

g. To identify two genera of algae found in the Gulf of Mexico. 

'GREEN ALGAE ^ 

Green algae belong to Division Chlorophycophyta (Greek, chloros, green and phykos, 
seaweed and phyton, plant). ' 

Quite descriptively named, members of this division are grassy-green in color due to the 
photosynthetic pigments chlorophyll a and ^. Diversity of form' and size makes this one of 
the mo^t attractive and interesting of all groups of marine flora. These organisms vary in 
size from microscopic (Chlamydomonas) to unusually large {Codium magnum, of Mexico) 
fqrrrts, which sometimes attains a length of more than 8m. Most species are small, un- 
' noticed, except as floating masses of "green scum" or as clustered growths on rocks and 
other objects. Some forms require microscopic e^ination to determine.species, but most 
genera can be determined, even by an amateur, b^size, shape, and locality. 

The structure and life cycles of the green algae are similar to those of higher pl^ts. Each 
cell has at least one chloroplast, the site of photosynthesis. Food is stored as starch. Like 
bryophytes and vascular plants, green algae have firm cell walls. For these reasons, many . 
scientists believe they are directly related to the evolutionary line from which the bryophy- 
tes (mosses) and vascular plants (ferns and flowering plants) arose. 

There are at least 7,o6o known species of Chlorophycophyta. While most are aquatic, 
only about 13% are marine. Members of this division are very common along the whole 
Atlantic coast. Some species of green algae ^re found where freshwater and saltwater m^, 
and several freshwater species are common to the Gulf coastal region. Members of 
Chlor6phycophyta are rarely found bel^w a depth of 10 m because of their requirement of 
^ light. 

Members of this division are v6ry important to the ecosystem. As primary producers, 
green algae are vital elements of food chains. They provide food for many animals, both 
microscopic and macroscopic. They benefit man both directly and indirectly. Some forms 
of green algae are consumed by humans in salads and some are eaten as rnarine vegetables. 
Some forms are valued as livestock food. Green algae are also extremely important for their 
release of oxygen, a by-product of photosynthesis. 
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Sometimes green algae are considered a nuisance, for they form an algal slime oh boats, 
rocks, piers, and other objects. But their positive value far outweighs the inconveniences 
they cause. 

Green algae reproduce by both sexual and asexual means. Filamentous forms may re- 
produce asexually by fragmentation of filaments. Two types of asexfcal spor^ are pro- 
duced by certain species. The motile spores he^x flagella and are called zoospores. 
Aplanospores are nonmotile. Spores are produced either by simple differentiation of the 
contents of a vegetative cell, or b>i modification of a vegetative cell into a sporangium. 

Sexual reproduction in green algae involves the union of gametes which may be motile 
or nonmotilej Typically, marine algae possess flagellate gametes.' Isogamy is a type of 
sexual reproduction in which cells of equal sizes (isogametes) fuse. When flagellated sex 
cells of unequal size (heterogametes) ^nite, the fusion is called anisogamy. 

The life history of Ulva, the sea lettuce, is representative of marine forms in i4ie division 
(Figure 1). An alternation of generation occurs between an asexual generation and ^sex- 
ual generation. The asexual plant is diploid and is called a sporophyte. The sexual plant is 
haploid and is called a gametophyte.The alternation is called' isomorphic since both the 
gametophyte and sporophyte are identic?|l in appearance. The sporophyte (2n) producesN^ 
zoospores (4 flagella) by rneiosis, which develop into male or female plants (n). The 
gametophytes produce biflagellated gametes (n) of different sizes (heterogametes). The-" 
male plants OM^bjice small gametes, j^liile female^plants produce larger gametes. Therefore, 
Ulva is untse^^^'^hree types of Wants are» produced; a diploid sporophyte, a haploid 
female gametopliyte,\and at haploid n\ale gametophyte. 

Green algae are^rinn^ily a freshwater group. There are only a few^ marine planktonic 
members. Most members are macroscopic algae. Species found in the Gulf of Mexico are 
shown in Figure 2. • r ' ^ 




Isogamete,-^^ ^ 



Zygote ^(2n) 



Chloroplast 



Gametangium , 



metOphyte 



A. ULVA 



y 

B. ULOTNRIX 




Zoosporangium 
— > Meiosis- 



(n) 



Holdfast 



Figure 1. Modes of reproduction of two green algae. (Adaprfcd from Muller, 1969 and 
Abbott, 1978) 



25 



36 



VOCABULARY 

Alternation of generations — a type of life cycle in which the asexual reproductive stage 

alternates with the sexual reproductive stage. ' . 
Anisoganiy — a type of sexual reproduction in which unlike gametes fuse. <. 
Aplanospore — a nonmotile spore in algae. 

Asexual reproduction — reproduction without the joining together of two cells. 

Biflagellate-T-liaving two flagella. - 

Chloroplast — a cell plastid containing chlorophyll on the lamellae. 

^Diploid — term used to denote a cell and/br organisms C9ntaining a fuH set of homologous 
pairs of chromosomes. * J . 

Flagellum — a whiplike projection of cytoplasm used in locbmotioiroy certain organisms 
or s?x cells. 

^ood chain — sequence pf organisms (producers, consumers, and decomposers) through 

which energy and materials may move in a community. 
Fragmentation — an asexual type of reproduction wliereby pieces of 'an organism ma)^' 

break^off and develop into a whole organism. ' , 

Gametes — male or female reproductive cells; sex cells. 

Gametophyte — the stage that produces gametes in an organism having alternation 0^ gen- 
eration. ^ 

Haploid — a term u^ed to denote a cell and/or organism containing only one chromosome 

of each homologous pair. . 
Heterogametes — male and female gametes that are unlike in appearance and structure. 
Isogametes — male and female gametes which are structurally alik^ 
Isogifmy — anype of sexual reproduction which results from the fusion of like gametes 

(isogametes). 
Isomorphic — having identical morphology. 

Photosynthesis — the process by which certain living plants combine carbon dioxide and . 

water in the presence of chlorophyll and light energy to form carbohydrates and release 

oxygen. ' I ' 

Sexual reproduction — that involving the union of two gametes. 
Sporangium — a structure that produces spores. 
Spol'e — an asexual reproductive cell. 

Sporophyte — the stage that produces spores in an organism having alternation of genera- 
tion. 

Starch — a complex, insoluble carbohydrate built up from molecules of glucose. 
Unisexual — having separate sexes; male and female. 

Zo^^re — a motile^^exual reproductive cell formed by nonmotile organism. 

; ' 
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VOCABULARY ACTIVITY FOR CONCEPT C 

Hiddeir in the letters below are 10 vocabulary words related to Concept C, The words 
may be written vertically {up-and-down), horizontally (across), backwards, or diagonally- 
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Answers: aplanospore, zoospore, sporangium, isogamete, ma^ne, isogiorphic, fragmenta 
tion, diploid, unisexual, haploid. y/ 



VOCABULARY ACTIVITY FQCCONCEPT O 

Below is a crossword puzzle containing words assdtiated with the reproduction ter 
minology of green algae. ^ ' 

doWn "S'"-" 

1. Sexual reproduction with fusion of unlike gametes. ' * 

2. A motile, asexual body. 

3. Reproduction without the fusion of two gametes. ^ ^ 

4. A plant that produces spores. 

5. Having two flagelfa* 

ACROSS ^ 

1 . Nonmotile spore ' 

2. Fusion of like gametes. . ^ ' 

3. Having one sex; being of one sex. , ^1 
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° CONCEPTS V • 

^ Brown algae zt^ macroscopic thallophytes which store laminarin as a food reserve. They 
are brown due to the presence of fucoxanthin, a brown xaijthophyll pigment, which masks 
the green of chlorophyll in the plajits. ^ i ^ * 

Objectives / ' ' . 

LJpon completion of this concept the student should be able: -ir^ < ' 

. ' . ; / ■ . 

a. To name t^yo characteristics of the Division Phaeophycophyta. , ' 

b. To describe how" the kelps float. ✓ 
. c. To describe the typical habitat of brown algae. 

d. To list three economical uses of the brown, algae and their x:omponents. ^^-^.-.^^ 

e. To identify, recognize and give the function of the anatomical features of the brown 
algae. ■ ^ , 

f. To give two examples of brown algae found in the 6ulf of Mexico. , 

g. To state the importance of brown algae to the ecosystem. 



. yo BROWN AKGAE 

The brown algae belong to Division Pliaeophycophyta (Greek, ph0ios, brown, phykos, 
seaweed and /?^^^o«, plant). ' ^ 

*. Brown aWe, true to their name, are usually a . deep, rich'brown. This color is^attributed 
to an accessbr^sDigment,.fucoxantJtin, which masks the presence of chlorophyll. How- . 
ever, in some species, the pigmentati^on makes brown algae hard to identify, fop itrmay 
have a greenis^h browh color. * ^ • 

Cytologically,,the brown algae resemble the (green algae. Both have well-defined celL 
walls and distinct orifeielles. Reserved' food is not easily observed, because it is, in a dis- 
solved state as a carbohydrate (laminarin) or as an alcohol (man^itol). , ^ 

,No^ther group of algae exhibits the Vange in form, size or complexity of structure as 
these algal forms. Brown algae range in size from microscopic, filamentous fdrms less than 
2 mm in length to giant kdp which may have fronds more than 100 m long. Most are'^ ^ 
maeroscopic; no unicellular, colonial^ or unbranched fi^lanr^entous species are known. Some 
of the brown alga,e,^uch as Sargassum, approach the vascular pjants in complexity of. 
organization ofyegetative parts. 

The broyn'algae are almost entirely marine. Of the 1,500 known speci^less than 1% 
are freshwater dwellers. A few genera are entirely restricted to the warm/sfeas, but in 
general the brown algae are cold saltwater plants. Although brown algaei^recharacteristic 
of exposed shores, they also occur in some areas as conspicuous salt-marslTpIahts. 

Structurally, sonie of the brojvn algae have the most complex plant bodies, of all the 
algae. The typical thalliis consists of » holdfast, a stipe, air bladders, and blades (Figure' 
1). The holdfasts allow for attachment to rocks or reefs of the intertidal zone or oceanic 
bottom. The air bladders are flotation devices which gillow thej^elp blades to float on or in 
the surface water where sufficient light for photosynthesis jexists. 
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. brancHed holdfast 



B. Nereocystis 
"bull kelp" . 



lamina (blade) 



lyL- stipe 

. holdfast 



' Laminaria—^ 

mature sporophyte 





C. 



Fucks 

"rockweed" 



holdfast 



Figure !• HIbit sketches of three brown algae showing modifications and environmental 
adaptations. (Adapted from Muller, 19^9). . ^ ^ 

Most brown algae reproduce by alteratixin of generations, involving both sexual and 
' aise^cual forms. Brown algae are important to the ecosystem for they provide food, shelter, 
. spawning grounds and a substrate for many marine animals. , 
Econortiically, too, this, group is ver)^ important: kelp is farmed in some parts of the 
world and processed as food for humans and other animals. Brown algae are also used for 
fertilizer. A large industry Kas gr6wn-from extracting^ cell wall. comf)onent called algin 
from which salts known.as alginates are manufactvfred. These iare usetf in the* manoifacture 
of s6aps, paints, leather finishers, insecticides, toothpaste, lipsticks, and medicines. Algin 
, is also? used as a stabilizer in food products and as a clarifying agent in the production of 
beer. • ^ . . ' ^ ^ i 
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Several species of brown algae are important to the Gulf of Mexico. Among the' forms 
found in the Gulf of Mexico are Qictyota dichotoma, Ectocarpus conderroides, Ectocarpus 
siliculosHS, Sargassum flnitans, Sargas^m nutans, and Sargassum filipendula (Figure 2). 

These species Attach to rocks, shells and other permanent structures. Sargassum fluitans 
and S. natans are pelagic species \jrhich drift into the Gulf of Mexico from the^argasso Sea. 
The Sargasso Sea is a water mass bisected by the X^op^c of Cancer in the western Atlantic 
Ocean. The abundance of S. ^fluitans and S. natans in the Gulf of Mexico probably depends 
btr the amount pf=disturbance inflicted by tropical storms and hurricanes on floating masses 
of this seaweedSn the Sargasso Sea. Entire plants and aknt^j^agments are torn loose and 
carried away l^^ides and currents. • / ^ 



B. Sargassum 




C. Ectocarpus ^/j 



Figure 2. Habit sketches of some genera of brown algae found in the Gulf of Mexico. 



VOCABULARY 

Air bladders — structures on certain algae which increase buoyancy so that* the algae can 

float on or in water. , ^ \ r^^'^r'^^^^ 

Algin — a gelatinous compound found in hro'^mji^e. If is useHln. plastics aii^ as a food 

emulsifier and thickener. i ' 

Alginates— salts extracted from brown algae-; yarn made from algi^j^ 
Blade^in algae, the leaf-like ^paj|led portion of the thallus. 

Ecosystem — a cornmunity of/srganisms interacting with each other and the environment in 

which they live. / ^ 

Frond— leaf-like thallus of algae. 

Fucoxanthin — a xanthophyll pigment produced in brown algae (Phaeophycophyta) and 
golden-brown (Chrysophycophyta). ' ^ . * V jt 

Holdfast— an attaching organ in certain algae. , 
Kelp — any one t^f the large, tough, brown seaweeds. 
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Laminarin — a storage product of brown algae; a polymer of glucose and mannitol. 
^||Iannitol — an alcoholic storage product of brown algae. 
Marine — growing within the inflpence of the sea or imiriersedMn its water. 
Pelagic — living or occurring in the open sea.^ 

Stipe — :the portion of a kelp between the blade and holdfast or base. 
Thallus — a plant body without true roots, stems or lea^ves. v 

VOCABULARY ACTIVITY FOR CONCEPT D 

Corriplete-A-Word v < 

Using the letters of the alphabet given below, complete ^he words. All words are related 
to Concept D. Use each letter only once, placing it' on a dash space. Cuoss off the letters as 
^you use them to help keep tracks 



A B (^D E E F^G^H-H KLLMMNNOOPRSSST 

U U X Y. . ■ /■ ' 

1. _L_AE, 6. _A_INE 

2. __IP_ 7. E_0__ST_M 

3. _R_N_- 8 T_A_L 

4. __ADE 9. _AN T_L " - 

5. _EL_ • 10. I: 0_A_TH_N 



" VOCABULARY ACTIVITY FOR CONCEPT D . . J 

The grids in these puzzles, when solved, will yield a defined term related to Concept D. 
The letters under the column below the grid go into the boxes directly above them. Your 
job is to decide which letter goes into which box. As you use a letter, cross it off. Note 
that some words are continued from one line to the next. The end of a word is ifiSicated by"A 
a black square. ^ 
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, CONCEPT E 

The'red algae of the Division Rhodophycophyr^ diverse group of thallophytes 
which contain phycoerythrin and pliycocyanin pig.-ents and store floridean starch. 

Objectives ^ 

Upon completion of , this concept, the student should be able: 

a. To name two pigments othei>than chlorophyll found in red algae. 

b. To describe a habitat where red algae are found. 

c. To name thrf^^ reserve of red algae.- 



■< 



d. To distinguish a coraline algae from a noncoraline algae. 

e. To list two ways ^nan uses red algae and their products. [ 

RED AI GAE 

Red algae are members of Division Rhodophycophyta (Greek, rhodon, red; phykos, sea- 
weed and phytoHy plant). • , ^ 
Algae in this division range in color from pink to rosy-red to reddish purple. Their calor 
^-N4s a^result oiF two factors. First of all, there is the presence of a substance called^phyco- 
erythriDva red protein pigment whose presence masks^the color of chlorophyll. Secondly, 
J a blue pigment called phycocyanin is also present. The abundarjce of these pigments \5apies 
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inversely with the intensity pf Hght. So red algae near the surface are lighter in color than^, 
the dark red species found in deep water. Sometimes totally green species ari^ound, but it 
is not usually difficult to separate thq^e from members of the Divisions Chlorophycophyta 
and Phaeophycophyta. * 

There is great diversity in size arrd form among members of,this division. There are only 
two known genera which are unicellular, and very few colonial forms are known to exist. 
Most red algae are composed of fil^ents but sometimes this trait is cori^:ealed because the 
filaments may be pushed together very tightly. Some filamentous species are quite deHcate. 
Other species look like long thin sheets; many are coarse and rqpelike. The longer ispecies 
of fleshy red algae occuk in cool, temperate regions. In tropical seas, however, the red algae ' 
are mostly small filamentous plants. They grow more deeply submerged than the brown 
and green algae and are almost exclusively marine. 

A number of red algae become heavily encrusted with cdcium carbonate. These coraline 
algae are very important in the building of coral reefs in Warm water. These algae usually 
form the principal cementing agents in the reefs. ^ * 

About 98% of the 4,000 known species of the Division Rhodophycophyta is marine. 
Unlike the brown algae, the red algae are most commonly found in temperate^nd tropical 
waters. Various species of. these algae occur from the highest intertidal zones to the lowest 
limits of light penetration (175 m). Their accessory pigments, phycoerythrin and phycocy- 4.' 
inin are able to absorb light of short wavelengths and transfer the energy to the 
c^Sfirophyll pigment for photosynthesis. Red algae usually grow attached to rocks or oth,er 
alga^vThere are few floating forms. . - 

Cellukrs<ruct,ure of red algae includes typical organelles, such as plastids and nuclei. ^ 
The cell wall may be^transparertt. The reserve food is a nonsoluble carbohydrate called 
floridean starch, which is not associated with plastids. . 

Both sexual and asexu. production occur in red algae. However, sexuarreproduction 
is more commo^^ is g-, erally more complex than in the brow n and green algae,^ 

Red algae arc aportant part of food webs in saltwaters. Some species are harvested as 
a direct fpod source. This is particularly true in the Orient where they are eaten raw as 
marine vegetables and also used in soups. ^ ' 

Economically the red algae are important, mainly because of their extracts. The extracts 
agar agar and carrageenin are polysaccharides. They are used widely as gel-forming sub- 
stances. • 

Several species of red algae are important plants in the ecosystem of the Gulf of Mexico. 
£iracilariafoliifera, Agardhiella tenera, Spyridia filamentosa, arid Hypnea musciformis are , 
red algae which form extensive seaweed beds in Mississippi (Figure 1). These macrophytic 
algae form lush growths amid sea grasses to create a habitat and nursery area for a diverse 
group of marine ani-nals. Thus, they help in providing food aikI shelter for marine organ- 
isms. ' . 



VOCABULARY 

Agar agar — a gel-forming polysaccharide derived from spme red algae. It is used to make 
solid culture media in microbiology. ; 
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Carrageenin — a.polysaccharide extracted by hot water from certain red algae, composed 

of galactose and sulfate groups. 
Chlorophyll — the green pigment present In plants needeJ for photosynthesis. 
Coraline algae — those encnlsfed with galcium carbonate. They aid in reef building.- 
Ecosystem — a community of organisms interacting with each other and the environment in 

which they live. . 
Floridean starch— the stored food product of red algaeC It 'is a polysaccharlj^e foun^ out- * 

side of a plastid. ^ 
Food web — an interlocking system of food chains. Since fe^ animals rely on a single 

source of food and because no food is consumed by only one species of animal, the^ 

separate food chains in every natural community interlock and form a web. * . 
Habita,t—rthe place where aix organism lives, - ^ . ' 

Intertldal zobe — ip the marine environment, the area pf the shore that is periodically* y 

covered and uncovered by water. 
MacrjD^hytic-r— big plant; not microscopic. 

Marine — growing within the influence of the sea or immersed in Jts water. 
Phycocyanin^a bl,ue protein pigment of blue-green and red algae! 
Phycoet^hfin — a, red protein pigment of blue-green and red algafe. 
Polysacch^ide — an/ carbohydrate that can be decorrtposed into two or more simple 




Figure. 1. Species of red, algae common to the Gulf of Mexico (Adapted from Dawes, 
\ \ 1974). « • . 



:abulary activity for concept e 



Listed in alphabetiJbal order below is a group of syllables which are not true syllables. 
\ Figure out the words according to the definitions given. Cross off the syllables as you use 
them, Place the wj/rds in the grid. 

ag ar ^at bit car ch co ^co co eai) en ex es fl ge ha 'hr hy id in in li 
lo ma ne ne od or ph ph phy ra ra rh 'ri^ ro yt yt yll 
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, Definitions: 

\. A gel-forming polysaccharide derived from red algae. 
^2. Plants of the Division Rhodophycophyta. 

3. The stored food product oi red algae. 

4. Algae en^crusted with calcium*carbonate, 

5. Hot water extract of red algae. 

6. The place where an organism lives. 

7. A red protein pigment of algae. 

8. Growing immersed in. sea water. , 

9. : Green pigment of plants. - "^' ^ 



I Activity: Pressing Algae ' v 

A great variety of algae are found along the seiashore.'If you press and mount algae 



you collect them, you. learn monss^boyt them. Mounted algae also make ^jfg^^ 



tions 



Materials 



shallow pai^^cafeteria trays^work well)^ waxed paper, typing paper, blotter paper, news- 
paper, mounting paper, hollow-type cardboard, two piecesNof plywood, two belts of a 
length of rope 



Procedure 

1. Float the algae in the shallow pan so you can arrange the fronds-(leaves). Then .slip a 
sheet of typing paper under the algae and carefully lift it out of the water. If this proves 
too messy, place the algae on the typing paper and arrange the fronds as best you can. 
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2. Transfer the specimen to waxed paper by putting a piece of waxed paper on each side of 
the specimen. * ' 

3. Next place a layer of blotter paper and then a layer of newspaper on each side of the ; 
specimen to absorb excess moisture from the plant. 

4. Put a-sheet of cardboard on each side of the papers. Use hollow-type cardboard to 
allow for air circulation. 

5. Repeat these steps for each specimen you want to press. 

6. After you have prepared all the specimens for pressing, place one piece of plywood on 
each side of the stack and secure tightly with the belts or ropes. 

7. Set the plant press near a heatf r or in any other area where there is circulating air. 

8. Change the layers of blotter paper and newspaper once a day so drying is thorough. 

9. When the plants are completely dry, glue them to a piece of m^ounting paper and label. 
Be sure to list the name of the plant, the place;^of-c(^ection, aqd the date. 

Activity: Kinds of Algae Found Around the Coast of the United States 

Many species and forrtis of algae occur in different location^ around the coast of the 
United States. Various abiotic factors influence the presence or absence of these organisms. 
Some of these factors include type of substrate, temperature, sunlight, salinity, and water 
currents. 

Hardly any species can-be found universally. Many of the larger macroscopic forms ai^e 
very common and are worthy of further examination. Even though they are macroscopic 
they are major producers in the habitat in which they live. 

In the following activity you will try to identify some of the macroscopic forms of algae- 
found arouitd the coastline of the United States. Some of these form^ are found along the 
Gulf Coast and your instructor will emphasize these. There will be preserved specimens of 
the-examples uSed'in today's activity lying on the front laboratory table. When you have 
difficulty, please feel free to examine^hese specimens. 

Procedure 

Identify each picture and place the correct name under each illustration. Use the key 
each time. This will- improve your ability to successfully utilize biological keys in making 
correct identifications of unknown organisms. A short description of many forms of 
marine algae follows the algae key. This should be of benefit to you as you complete this 
activity. 

Special Note: The algae labeled A, B, and C are green in color. The algae labeled D, E, 
and F are brown in color. The algae labeled G, H, I, J, K, and L are red and purplish-red. 

KEY TO SELECTED GENERA OF MARINE ALGAE , 

^ (Adapted from: Humm, Harold J. Key to the Genera of the Common Marine Alge of 

Tidewater Virginia. 1967 (Marine Education Materials System, No. 000049). 
lA. Individual plants microscopic, although plant masses are usually 
visible to the unaided eye; color green, blue-green or blackish- 
green * • Cyanophycophyta 



38 



49 



IB. Individual plants macroscopic and visible to the unaided eye, al- 
though some are very tiny 2 

2A. Plants usually some shade of red in color, but some are 

yellow-brown, olive-greea, purplish-green, or purple .... Rhodoph'ycophyt^ 

2B. Plants brown or green I ' . 3 <* 

3A. Plants some shade of brown Phaeophycophyta' 

3B. Plants green 0\ Chlorophycophyta 

j» 

^ Chlorophycophyta 

IA. Plants in the form of a flat sheet 2 

IB. Plants flattened and very elongated, or not flattened 3 

2A. I Sheet two cells in thickness Ulva 

2B. Sheet one cell in thickness Monostroma 

3A, Plants consisting of a hollow tube, the wall one cell thick; the 

tube either collapsed or inflated Enteromorpha ^ < 

3B. Plants filamentous • • • — ^ * 

4A. Filaments much-branched. ...... :^ Cladophora 

4B. Unbranched single row of cells 5 ^ v . 

5A- Individual filaments microscopic, forming patches on pilings and 

rocks in the intertidal zone S Ulothrix 

5B. Filaments, coarse Chaecor/f^rpha 

Rhoddphycophyta^ 

lA. Plants in the form of a flat sheet 2 ^ 

IB- Plants not in the form of a flat sheet : 3 ^ 

' 2A. Plants rose red, with a conspicuous nrudiib in the center "Bf • - 

the blade . Grinnellia 

^B. Plants purple to brownish-red, very thin,- strictly inter- ^ ^ 

tidal, especially on oysters, without a midrib Porphyra 

3A. Plants delicately filamentous, the main axes of no greater dia- 

meter than an ordinary pin / 4 

3B. Plants not delicately filamentous, coarser, at least in the main 

axes 6 

4A. Plants monosiphonous, uncorticated Callithdmnion 

4B. Plants corticated or polysiphonous ^. ....... . 5 

5A.' Plants polysiphonous but not corticated . \ ....... Polysiphonia 

5B. Plants monosiphonous and corticated. . ^ . . . t^. . . . . Ceramium 

6A. Branches of the plant bearing an abundance of fine", red - y 

filaments.... ^ - Dasya 

^ 6B. Branches of the plant without fine, red filaments 7 ► 

7A. Tips of all branches with a tiny tuft of colorless filament-s Choridria 

7B. Tips of branches without filaments , 8 

8A. Plants consisting of a series of hollow,. barrel-shaped seg- X 

ments Champut 

SB. Plants not consisting of barrel-shaped segments 9 



50 



39 



9A. The ultimate brahchlets monosiphonous with corticating cells at 

thknodes only, the rtiaJp axes completely corticated Spyridia 

9B. Both ultimate brancKfes and other axes many cells thick 10 ^ 

lOA. Plants red to yellowish-red color; the brandies with a lu^- 

low center having fine filaments in the hollow VT. . . Agardhiella 

V lOB. Plants with cells in the center, not hollow, usually a pur- 
plish-green in color. t * • ' 

11 A. Branches not flattened ;^nd btJaring manv smai^ -le-like 

branchlet^; thejnain branches often ending m a fafooked tip ii^nea 

1 IB. Branches se onetimes flattened, the ultimate brarlches not fine*)r W 

spine-like. \. . . Gracilaria 

/ Pha^phycophyta \ 

lA ^Plants delicately filamentous, but often large. . . ^aocarpus 

IB. Plants not filamentous. .. ••• 2 

2A.;, Plants consisting of a broad .flat, eloqj|||cd blade, long 

stipe and a large holdfast ; ... ; - Laminaria 

2B. Plants not co^psting of a flat blade '3 ^ 

3A. Plants Terete, hollow, and unbranched : . 4 

3B. Plants branched an^^/"ot hollow^xcept i^r m^'*- blac.. 5 

4A. Plants withxTaii frictions, oigiui. ui large ^jaichcs oi 

covering thc^rface Scytosiphon 

^ . -48. Plants without constrictions, sex organs in spots or srhall 

patches • Asperococcus 

5A. Plants Arery soft, gelatinous, slippery, the rpain axis 305 mm in 

diameter; usually on eel grass. . *. Eudesme 

5B. Plants rigid, lar^r, and with some type of air bladder 6 

6A. Main axes, and branches flattened, air bladder intercal- 
ary , 7 ^ 

6B/ Aircbladders spherical, terminal on^hort stalks; plants 

wi^ leaf-like appendages. Sargassum 

7 A. Branches strap-shaped and with a prominent midrib Fucus 

7B. Branches only a litde flattened and not divided into a mid- 
. • rib and blade f. ... Ascophyllum 

• ■ ■ 

' . Cyanophycophyta 

• # 

^ lA. Plants single-celled and solitary, or in colonies of various form; ^ 

not filamentous, the cells cocqfijid (except in that part of En- 

tophysalis that penetrates shells or limestone where filaments are' 

produced because of the habitat) ^ . . . . 2 

IB. Plaljts producing filaments, the cells not coccoid 3 . 

2A. Cells spherical (except where adjacent cells have flattened 

sides), single, or embedded in groups within a common 

gelatinous sheath. Anacystis^ 



40 



ERIC 



2A. 

3A. 
3B. 



5A. 



5B. 



cushions, the cells in one mass variable in size , , , Entophysalis 

Filaments without an obvious gelatinous sheath 4 

Pigments with a sheath 5 

4A, Filaments forming a regular spiral, *very small , Spirulina 

4B, Fil^ents not in the form of a spiral 5 

Filaments 3-5 microns in diameter, tip of filament with a short 

taper and tending to be bent slightly. . , , Oscillatoria 

. Filaments 6 microns or more in diameter Lyngbya 



VOCABULARY 

Air bladder — structures on certain algae which increase buoyancy so that the algae can 
fl(j.it on or in water. 

Axis (pluralraxes)— a straight line with respect to which a body or figure is symmetrical. 

Blad£ — in algae; the leaf-like expanded portion of the thallus. 

Branchlet — a small terminal bran,ch. 

Coccoid — related to or resembling a coccus (sphere). 

Cortex — the outer tissue of a thallus usually including surface cells. 

Corticated — provided with a cortex, often by secondary growth from the axis. 

Filaments — a thread of cells. 

Gdatinous^sheath — a^sheatji of gelatin which encloses a filament or mass of cells. 
Holdfast — an attaching organ in certain algae. * 

Intercalary — arranged in the same series, as spores or heterocysts occuring in the same 

series of vegetaj^lve cells'ratlier than being terminalx^r lateral; interposed. < ^ 
Midrib — a vein-like or rib-like structure running up the ntiddle of a blafde. 
MpnOTaphonous— a single row of cells. y 

Polysiphonous — prcjvided with transverse tiersvof^pafrallel Vertically elongated cells of ap- 
proximately equal length. \ 
Stipe=^a stalk-like structure; the portion of a kelp-between the blade and the holdfast. 
Strata— layers. . 
Terete — circular in cross sectiori. 
UncortiGated— 'without a cortex. 






B.. 



Chlorophycophyta (Green Algae ) 

Ulva lactHc^ {Sez Lettuce) 

1. Bright green-flattened sheets, variable in shape - 

* 2, Two cell layers thick 

3. Holdfast inconspicuous . 

4. One to three yards wide, tears and fragments easily 

5. Offen floating along bottom 

6. Abun4aint in shallow bays and shoreline area 

Entermorpha intestinalis (Link Confetti, Intestine-like Seaweed) 

1. Bright green . ^ 

2. Single cells arranged in circular tube 

y,. Tubular; inflated above-tapering below, intestine like 
4. Solitary or gregarious / 
s 5. Free floating or attached 

N^/ • 

Entermorpha linza 

■ « 

1, S'mihr, to Enterorriorp ha in telimalis, ^ 

2. Blade flatter, often with a crisp margin 

'^'->»>_ ^ ^ ' 

Bryopsis plumosa 

1. Color: light to olive green 

2. Three to four inches tall ^ „ 
No .,3. Plants erect — tufted 

4*. Occurs as feathery clumps in warm shallow areas 

Cladophora expansa 

1. Bftght green color 

2. Plants usually tufted, tangled fSass twisted together 

3. Often forming cushions of considerable extent 

Rhodophycophyta (Red Algae) ' - 

' . ' ' ' ■ * 

Porphyrd umbilicalis (Laver) • , ' 

1. Color: variable — pmk to rbsy purple - 

2. Four inches to two feet long by three to four inches wide 

3. No m*idrib present ' 

4. Strap shaped to semi-circular, resembles Ulva or Sea Lettuce*^ 
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5. Can resist drying on beach for short periods . " 

6. Abundam in early spring to June ' i:r 

7. Well knolv edible algae/ High protein a?id vitamin B & G content/ . 

8. Popular English food. When boiled, the resulting jelly is covered with ^^trrfe^d and 
fried. This is called "Laver Bread.'* ^ . ' : : * 

>• ■ - 

Daysapedicellata (Thick SczwQcd) . 

1. -Color: light to deep red purple 
^ Six to eighteen inches tall M - / 
^ >. Feathery, alteniately branchejdTbftea denuded belo\v 
4. Small disc-like holdfast i • , : 

Grinnellia americana (Grinnell's Seaweed) ; 

1. Plants usujilly simple piirk bladesv. 

2. Prominent midrib ' 

3. Dark nodular sporangia Scattered on blade appear as dark $ppfs 

4. Occur in warm quiet water at moderate depths 

5. Occurs in circular/^lulters, often torn free and floating in drift 

Cerammm strictUfn ^(Transparent Ceramium) 

' I . -.--^^^^^^^ : 

1. Color: dff^piff^ . - / •i^: ^; 
, 2. phallus ^laih^^^ " . ^ \ 'i^ » ' \ 

3. T^ilaments^ beaded or chainlike / . 

4. Claw-like .^ranchlets abends or terminal portions of brancheif ^td^^osed 

5. Loose filafnentous red naasses ' ^ - . ' - . 

6. Often found attached to other algae 
"si?;.. Abundant Tn shallow bays and drift zone in summer- 

Ceramium diaphanum (Transparent Ceramium) * 

IV Color: deep red ' „ 

2. /Similar to Ceramium strictum terminal claws ijiore open 

3. Distribution and occurrence same as Ceramium strictum 

Ceramium rubrum (Common Red Seaweed'br'Pot^ery Seaweed) 



L Color: deep red 

2. Filaments similar to Cerafnium strictum but without crossbands 

^3. Claws reduced, dull 

4. Filamentous branched red mass . ' 

5. Distribution ^nd occurrence s^me as Ceramium strictum 
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Polysiphonia dinudata 

- 1, 'Color: red; — ^brown i • " 
2. Mass slippery to. the tguch • 
' " 3. Branched filamentous dark red masses 
^. Resembles wet-auburn hair 

5. In water a loose filafne^ous ball- V 

. ■ " * ' ' ■ • . ' ^ • ' ' * 

Gracillaria foliifera < . 

1/ (jj^lor: dull purple-to faded brown 
.2. Ypwer part slfender 
' 3. Branching with branched flat-and expanded 
^. Disc-Hke holdfast ' , 

* ^ Ptant often'^coarse \ ' ■ ^ 
.6; Four to eleven inches tali 

7r Attached to pebbles and shells ' ■ 

8. Serves as an attachnient for other algro 

Agardhiella'ter^era ' . ' . - 

1. Color: deep rose to pinkish 

2\ Plant translucent, firm, and fleshy 

J. Alternately branched - 

4. Branches tapering at tip 

■ 5. Projecting^ nubs pfeen present , 

6, Disk-likq to iibereus holdfast . % 

7. Plant slippery' . \ 

8, Seldom found with other algae attached Htjr 

Phaeophycophyta*(Brown Algae) * • 

v^«c«5 'j;e5zc«/o5« (Pop-weed, Rockweed) 

1. Color: olive brown > 

• , . ^ ■ . • - .? © 

2. Plant branched erect, grows to two to three feet 

3. Air bladdm present usually in pairs on either side of midrib 

4. Bladder-like reproductive receptacles at terminal'ends, single, paired 

5. Prominent midrib with wide niargin, denuded below . . 

* .6. Circular disc-Hke holdfast ^ 

7. Of ten attached to rocks and pilings in intertidal zone 



; ^ ; CONCEPT F ^ ^ 

• The golden-brown alg^e are a diverse group of algae wliich store oils and leucosin and 

have fucbxanthin masking the chlorophyll pigments. ^ ^ 

' * ' '. " . . 

■ . . . " ' *> ' 

objectives ^ ' ' - ' * ^ - . • 

Uppn completion of this concept/the student should be able: 

w • ■ * 

■ . ' . » . ' »• * 

a. To name storage products of diatoms. 

b. To list two habitats of golden-brown algae. 

c. To give the two types of diatoms based on symmetry. 

d. To discuss lotomotr^ in diatoms. ^ w 

e. To recognize centrate and perinate diatoms. \ ^ ^ ^ ^ 

f. To discuss reproduction. in diatoms. , ' 

GOLDEN-BROWN ALGAE , 

* The golden-brown algae belong to the Division Chrysophycophyfti (Greek: chrysos, 
golden znd phyton, plant). Many members of this division are unicellular organisms that 
are very important members of phytoplankton. / 
. Most. species of , the golden-brown algae are diatoms belonging to the Class Bacil- 
lariophyceae (Figure IC). Diatoms are represented by uoicellular and colonial genera. 
There are at least 40,000 known species, biy: ^ome scientists believe there may be many 

mote. ' , .'JK^ 

These organisms occur in Hbth fresh and salt water. Most are planktonic, but some are 
bottom dwellers or grow on other algae or pl^ants. They are found wherever there is 
sufficient light, water, nutrients and carbon dioxide. * ' . 

Freshwater habitats of diatoms aV^^Miverse and include cold streams, hot spmgs, pol- 
luted pools and polluted ditches. Sometimes,a large number of species are fouhd in^ne 
area. Most saltwater diatoms are foUnd in tlj^e coldest seas; they occuy in both the Arctic ' 
an^ Antarctic Ocean. Qne liter of seawater may contain as many as 10,000,000 diatoms. 
They sometimes form a brown coatiij!^ on ice floes. Some diatoms burrow in mud; some 
are found in the seabed, but most occur near the surface of the svater. Some are found 
attached to seaweeds while others are found in the stomachs of mollusks, holothurians, 

ft. . . Jm. 

and Other sea creatures. ^ / 

Some species of diatoms can survive for a long time without water and can be revived 
' after a long period of dormancy. Dltooms occur in a great variety of shapes — pin.wheel, 
spiral, star, rod, cigar, drum, triangle, and many others. Some form ribbon-like colonie;^ 
' while others occur in zigzag chain-like configurations. . . 

Diatoms have double shells of of^aline silica called frustules, Thesj^ shells fit together, 
one on top of the other, like a' carved pillbox. The upper valve is called the epitheca and 
fits over the lower valve, the hypotheca (Figure 2). The fine, delicate markings on the shell 
ire used to identify species. . > 

The major orders of diatoms are identified on the basis of symmetry. In Centrales (cen- 
tric diatoms) the shells have an ornarpentation that is concentric about a central point. 
There may be rows of sptaces or sjpine^ that tadiate with perfect'symmetry. Members of 




Botrydium 




Vauchetia 



^ — ^ 



A. Class Xanthophyceae (yellow-green algae) 




(colonial) 




Dinobryon 



B- Class Chrysophyceae (golden-brown algae) 




Unicellular 
Diatoms 



C. Class Bacillariophyceae (diatoms) 



Figure 1*. Representatives of the three classes of the Division Chryiopliycophyta (Adapted 
iFrom Abbott, 1978; Griffith, 1961; Smith, 1950). * . 
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order Pennales (pinnate diatoms) have markings that are bilaterally symmetrical or asym- 
metrical. ' J S * ^ - 

Diatoms exhibit considerable diversity iaform within as well as outside the.shell. There 
is great variation in position and size of chroniatophores. The color of chromatopHores, 
which contain fucoxanthiti, depend in part on the intensity^f light. So diatoms may range 
in color from brown to oHve green or yellow. Food; the product of photosynthesis, is 
storedlis oil droplets and as'leucosin. No starch is found^itraiatoms. The oil droplets ' 
increa;se buoyancy. . . \ . 

• Despite the fact that they lack the usual forms of locomotion (cilia, flagella, or other 
organelles)* many species of pennate diatoms are motile. This locomotion resists from a 
controlled secretion that occurs in response W^timuli;^ Movement is quite limited, so ev^n 
motile diatoms are usually at rest. These motileaiatoms possess, thickenings in their frus- 
tules called nodules. One nodule is found at each end of the cell and one is found at the 
midpoint. They are called polar nodules and central nodules, respectively (Figure 2), The 
three nodules are connected by a long slit called the raphe.JThe raphe is visible in the valve 
view. The raphe is occupied by streaming cytoplasm in direct contact with the externaf 
environment. Some scientists have reported that an adhesive is secreted from the raph^e and 
its^bsequent hydratioai accounts for diatom movement. 

Reproduction in these organisms is quite unusual. The two halves of the pill-box-like 
shell separate. The nucleus divides, and each new nucleus migrates into. one of the valves. 
The new diatoms then secrete a* neW inner valve. The new diatom formed from the inner^ 
half of the parent shell is slightly smaller than the other, and this continues in each division 
^until the shell becomes too small to hold the necessary parts*(Figure 3). So occasional 
sexual reproduction is essentiafc During sexual reproduction of pennate diatoms, cells cotne 
together, cover themselves in a gelatinous material, and exchange chromosomes. Later the 
fertilized protoplasm breaks diitn^the parent shell and develops into a'new diatonf, full- 
si^ed. Some diatoms divide every four to eight hours, a reproduction rate that can resylt in 
one billion l^w diiatoms in ten da^s. \ 

' Diatoms are sometimes i^eferred to as^the "grasses of the sea", for they are.at the base of 
the food chain for many animials which vary from zopplankton to whales. It has been 
estimated that it takes seVeral hundred billion diatoms w feed a humpback whale for just a 
few hours, and that it takes one half ton of xliatoms to profluce one pound of seal flesh/ 
There is probably more available food in the form of diatoms than jfillny other organism 
on earth. Oxygen released during photosynthesis is also an important factor to the ecosys- 
tem. ' 

Economically, too, diatoms are important to humans. Their siliceous shells. Baled up 
over millions of years, form a fine crumbly substance called diatomaceous eaim which is 
used in several industries. These include the making of paiiit,^ilver polish, rmc£s, and 
insulating materials. \ 

The oil droplets stored* as reserve food by diatoms, may become increasingly^important 
to humans. Bodies of organisms that died centuries ago have been acted upon by biologic 
and geologic forces and the oil droplets have coalesced beneath the sea into pools of petpck? 
leum. These pools may be important energy, sources fo^ the future. 

Members of the Class Chrysophyceae of the Division Chsysophycophyta were formerly 
tliought to be primarily a freshwater group (Figure iB). However, thej^ have been found 
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recently to be an important part pf the iharine'^lankton. Some scientists believe that mem- 
bers of this cla$s, and not the diatCms, are th^^major food producers of the oceans. There 
are about 1,100 known species within this class. ' • 

There is a great deal of diversity among these algae. Some have no cell walls, whil(^^^n 
others well-defined cell, walls are quite evident. Some have superficial or internal skeletal , 
structures which are quite elaborate. 

Yellow-green algae are members of the Class Xianthophycea. Not all scientists agree on 
the classification of these algjidiNUntil^ recently they were classified as a' part of tk^Division 
Chlorophycophyta, for they resemble many of tlie green algae in structure. Here^^e in^ 
elude these organisms as part of the Division Chrysophycoph>^a?)rhe yellow-green\algae 
are different from members of Chlorophycophyta and Chrysophycophyta, krgely in the 
type of pigments which they con«in. Most of the 450 known species of this class are 
freshwater organisms. - . ^ ' 

Divei-sity in structure is one of the fascinating factors within this division. It includes 
those which are unicellular, motile, ^nonmotile, and amoeboid. There are species which 
occur in colonies. In some members of, this division the cell wall is quite well defined, 
while others are coenocytic. ^ . " • 

The principal method of reproduction is by cell division, but various types of spores 
may be formed. ' . * . 



T^'^^^'nMnnnnnrtnniihiii^ihiinn 
A. GIRDLE Vlfe'W 




Hypotheca 



L nodule 




Polar nodule 



Raphe 



\ B. VALVE VIEW Central nodule 

Figured. Valve & girdle view of a typical gennate diatom. (Adapted from O'Neil) 




Figure 3. Cell divisimiir^ diatoms. Note that some of the resultant diatoms are smaller 
than others. (Adapted from Muller, 1969). 
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Yellow-green algae have a place in the ecosystem, for they are producers. Reserve food 
is stored as leucosin, §p these algae are a part of the foodxhain. Oxygen, released during 
photosynthesis, is also an important contribution to the ecosystem. ^ ^ 

Some golden -browfflrfgae have two flagel^and are quite mobile while others are 
amoeboid and have no^wgella. It is difficult to distinguish some golden-brown algae from 
an amoeba eicept for the presence of chloroplasts. Some scientists believe that these two 
organisms are closely related. Reproduction in golden-bipwn algae is largely asexual. 

fhe Gulf of Mexico is not rich in yellow-green algae. Only one species, Vaucheria 
thuretti is listed as being of importance to this region (Fijgure lA). This alga is found 
forming a matted growth on mud or other surfaces in salt marshes and mangrove swamps. 
It is a littoral plant. , ^ 

VOCABULARY 

Amoeboid — of or like an .amoeba. ' , 

Asymmetrical — having no symmetry. 

Bilaterally symmetrical— the condition of having distinct and similar right and left sides. 

Buoyancy — the power to float; tendency to rise. 

Central nodulp — a thickening at the midpoint of diatom frustules. 

Chloroplast — a specialized cytoplasmic body containing chlorophyll; plastid. 

Chromatophore — one of the specialized pigment-bearing bodies in the cells of plants; 

chloroplasts or chromoplast. . 
^oenocytic — being a multinucleated mass of protoplasm la^ng internal wallas. 
Diatomaceous earth— deposits of diatom frustules or their fossil remains. It is used as 

absorbents and abrasives. ^ J ' ^ 

Diatom- — single celled microscopic plant forming a major component of plankton. 
Epitheca; — the larger of the two valves in the diatom frustule. 

Flagelia — fine, long threads which project from a cell and move in undulating fashion. . ^ 
Flagella are responsible for locomotion in sorpe plants and animals and reproductive^ 
celljs. ' ''^ ■ ■ ' \ y 

Frusnale — the siliceous cell wall of diatoms; value. * * 

Fucoxanthin — a xanthophyll pigment produced in brown algae and golden-brown algae. 

Hypotheca — the smaller valve of a diatom frustule. - ' 

Leucosin — (chrysolaminarin) a polysaccharide composed of glucose and produced and 
stored by golden-brown algae. 

Littoral — an area extending from shoreline to the edge of the continental shelf or to the 
200' meter depth line.^ ^ * ^ 

Phytoplankton — the plant forms of plankton. They are thf basic syntl\esizers oPbrganic 
matter. ' . " • 

Plankton — small plants and ajaimals floating in the upper layers of the water column. 

Polar nodfile- — one of two thickenings of the diatom frustule located at the end^of tlje 
shell. , 

Raphe — a longitudinal fissure in the frustules of motile pennate diatoms. 

Valve — one-half of a diatom frustule. 

Zooplankton— tirty animals floating in the upper ;5*^airer column feeding on phytoplankton, 
some v^eak swimmers. 



Activity: Construction of a Plankton Net^ 

A plankton net is ai device for concentrating small aquaticbrginisms for closer examina- 
tion. The small organisms collected in a plankton tow will 5:0 nstitute an asisemWage of 
organisms that goes unnoticed by most individuals. Usually a microscope is need«d to 
identify and examine these organisms. They are usually prolific in numbers and play a 
major role in food chains of any given ecosystem. ^ 

A net with very fine mesh is used in the plankton net because many of these tiny organ- 
isms would pass through an orcHnary dip net. The plankton jiet is essentially a cloth funnel 
which allows water to pass through but retains the living organisms. The collected organ- 
isms will be found in the small glass or plastic bottle found at the bottom of the net. 

Objective 

r To make a plankton net. * * ^ 

Materials (for each ndt) , ^ ^ 

one leg of nyloirlrose, a wire coat hanger, string, small flask or botde 

Procedure 

Construct the net as illustrated. The "catch botde" at the toe end is tied on. After the net 
is towed, wash the n^ and any contents down into the bottle, untie it, and observe the 
^jpontents. A microscope is best to observe the tiny plankton although some are visible to # 
the eye. 




7 

Activity: Diatoms 

Objective ^ 

/To collect anS examine planktonic, edaphic (soil), and epiphytic diatoms from a pond or 
beach area. This will enable you to obs^ve first hand the various types of diatoms. 

Materials * 

Field materials: frozen juice cans with both ends removed, plastic wrap and tape, large 
water containers, ?mall collecting jars, plankton net, forceps, razor blades or scalpel for 
scraping 
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Lab materials :^ter papeV, medicine dropper or pipettes,, glass slides and coverslips, micro- 
scopes 

Procedures^ 

Collecting Planktonic Platonjs . Obtain a plankton net and tow the net throug-h the 
water, diatoms, along withlother planktonic organisms, will collect in the "bucket* at 
the end of the net. Place t hg^ plan kton into*a small collecting jar for storage until you return 
to theiab. Carefully label your containers with your name, the date, and collection site. 

If plankton nets are not available, diatoms can be obtained-by collecting a large water 
sample. A large, plastic gallon jar can be filled with sXirface water frJbm your chosen 
habitat. Cover the jar after it has been filled to prevent leakage and evaporation 6{ the 
f^lllll^ Label the container with your name, the date, and collection site. In the laboratory, 
filter the water. The' diatoms will be lieft on th^lter paper. Observe them with a micro- 
scope. If Soluble filter paper was used, dissolve the paper and collect the diatoms,- Make 
wet mou(^ts from your sanjj?les for observation under the microscope. Are most of the ♦ 
diatoms centrate or pennate?» Using Figure 1, see if you can name some diatoms. If so, 
make a list of them. ^ 

Collecting Epiphytic Diatoms . Epiphytic diatoms groV^jn other plints. Thjy'can be 
collected by squeezing fairly Ivge samples of the plants to which the diatoms jare attached. 
As you squeeze the plants? collect the liquid dripping from them into small collecting jars. 
Another method is to scrape the stems and leaves of the aquatic plants with a scalp.el or a 
razor blad^. Place tbe scrapings in small, labeled collecting jars. After returning. fo the lab, 
prepare slides of the collected diatoms and observe them. Determine whether the diatoms 
are centric or pennate. ^ 

Collecting Edaphic Diatoms . Edaphic diatoms live on the rpud or sand surfaces. A fro- 
zen juice can with both ends removed can be used to obtain cores of the substrate which 
border the water's edge. Push the can into the sediment and remove it with the soil inside. 
Seal both ends with plastic wrap* and tape to prevent evaporatj^. Beware) Label the ends 
of the core so that you c^n idetntify the top surface. Collect some habitat Water along with ^ 
the cores. ' 

Immediately upon returning to Ihe lab, filter the habitat water.iSoak a piece of filter 
paper in water and place it over the top of the core. Let the filter paper sit on the core 
overnight. By that time nearly 90% of the live diatoms should have moved onto the filter 
paper. Ej^amine them on the filter papert With a medicine dropper c^r squeeze bottle,^ rinse 
the diatoms off the filter paper with some of your filtered|^bitat water. Make a slide and 
observe the diatoms. 

Hqw did the diatoms move from the soil to the filter paper ?j 



— ■ -. -. — r-. 

Note the types of diatoms found. Does the method of collecting limit the types Tound? 



Why?. 



Examineyour diatoms. Do .they have cilia Or flagella? 



' 52 



ammeyx 

r 



63 



Compare diatoms, wl^ch appear to move with those which dp not. Do those that move 
have any special shape, or structures wluch permit them to move? — , — 1 — . — 1_ 

r- . ' " , — -i — 

If SO, describe. the shape of structure? — ! : — — — ^ 




Figu/e 1. Common diatoms (Adapted from Griffith, 1961). 



^ CONCEPT G ^ 

Dinoflagellates are microscopic organisms which have both plant and anSnal characteris- 



tics. 



Objectives^ ^ ' ' ^. * . 

Upon completion of this €;oncepri-^he ^student should be able: 

a. To give animal and plant characteristics of dinbflag^llates. 

b. To name two pigments unique to the dinoflagellates. 

c. To name food storage products of dinoflagellates. / 

d. To describe locomotion in dinoflagellates. 

e. To name at least two'ways dinoflagellates.meet their nutritional needsL 

f. To state the cause of "red tides". ^^sv 

g. To state a contribution to the ecosystem by dinoflagellates. . 

h. To state a significant economic aspect of dinoftagellates. 

^ DINOFLAGELLATES 

Dinc^flageilates are mfembei-s of Division Pyrrhophycophyta. The organisms which be- 
long to the Class-Dinophyceae are known as the "spinning flagellates". They are common • 
to marine and freshwater habitats. These organisms have two flagella. A short transverse 
flagellum lies along a Horizontal groove called the girdle. This flagellum wraps around the 
organism and creates sideways motion. The longen^iongitudinai flagellum lies in a vertical 
groove called the sulcus. The longitudinal flagellum trails behind-for forward motion. Both 
flagella arise from flagellar pores (Figure 1). The beating^of both flagella causes the organ- 
ism to spin like a top. ' * 

A look at these tiny organisms under the microscope could be nUher frightening ff one 
forgets their size. There are m*any which are quite bizarre in appwftnce, with stiff cellulose 
plates forming a wall which may look Ifke panr 3f an ancient coat o^prmor. M*any species 
have trichocysts, and some hav© stinging^bodies, cnidoblasts. Colo^tion varies, but most 
are yellow-brown or yellow-green. Carotenoid pigments mask the chlorophyll. Two pig- 
ments, peridlnin and dinoxanthin, are peculiar to this group. / ^ 

Dinoflagellates have a number of characteristics, in addition /o locomotion, which leads 
to the question of whether they should be classified as planter as animals. Some contain 
chlorophyll and are autotrophic. In those which are heterotrophic, structural characteris- 
tics cause them to be classified with other members of Pyrrhophycopl^yta. Many dino- 
flagellates are parasitic or aJmmensalistic with certain tropica) species. Some hctcrot- 
ropWic forms feed upon other dinoflagellates. y 

There are at least 1,100 known specif of this class, and about ninety-three percent are 
marine. They are found in all but the coldest seas. 

Sexuality*has been observed in only a few species of Dinophyqtae. Reproduction is 
largely by longitudinal cell division, with each daughter cell get^ng one of the flagella and 
a portion of the theca (cell wall). It then constructs the missifif i parts in a very intricate 
sequence. Under certain conditions, numbers may.increase to as much as 60,000,000 or- 
gaftisms per liter ot water. • , • - 



A very fast an4 large increase of these prganisms in a given area, a "bioom", can result in 
a phenomenon called "red water" or **rcd tide". The water will be red or brown in color, 
with a brilliant night-time luminescence, called the "burning of the waves". 

Dinoflagellates produce a wstter soluble poison, and a red tide can result in the killing of 
hundreds of thousands of fish-and other miarine animalir Poisoiious dinoflagellates are 
ingested by higher aiiimals, and so they are a contaminating factor in focp chains. Certain 
generk, Gonyaulax smd Gymnodijfium, are known to produce an extremely powerful nerve . 
toxin. 

' Some regions experience this disaster fairly often. During the winter and spring of 1974, 
^ the west coast of Florida was very hard hit. This was its twenty-fifth red tide in one 
hundred thirty years. In the fall of 1^2, the first red tide in recorded history hit the lower 
New England coast* Twenty-six p^^le were poisoned from eating contaminated shellfish. 
This caused a -setbdik in the shellfish industry in that area, and it topk several years to 
recover. " • * , 

Factors^ involved in causing red tides are poorly understood. Nutrient and trace metal 
levels, sewage runoff, ocean salinity 'and temperature, winds> light, and other factors seem 
to play some sort of role in red tide development. Red tides are carefully monitored by 
checking the level of toxicity of sample organisms. Satellites are now being ysed in efforts 
to track these devastating phe|iomena. 
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eDihoflagellates, regardless of prdBlems caused by a few genera, are still an important 
'part of the phytoplankton of the seas. In this role, they are a significant par^^f food 
chains and food webs. ^ 



VOCABULARY 

Autotrophic— ^cap able of synthesizing protoplasm from ditlrely inorganic substances. 

Bloom — arapid and. often unpre^dictaHle growth of a single species in an ^ecosystem. 

Chlorophyll— the green pigment present In plants needed for photosynthesis. 

Cmdoblast — the cell in which a nematocyst is develbped. I 

Commensalistlc — living in or on*another, with only one ofcthe two beriefitiiig. 

Dinofla^ellate — a single celled, microscopic organisfn possessing both plant and animal 
characteristics. . V ^ 

Dinoxanthin — a xanthophyll pigment peculiar to the dinoflagellates. ^ 

Fla^pUa— fine, long threads wliich*projectfi:am a cell and move in undulating fashion. 
Flagella^re responsible for locomotion of small organisms and reprodpctive cells. 

Flagellar pore — in dinoflagellates, a pore of the theca from which a flagellum arises. ^ 

Food chain — the transfer of the sun's energy from producers to consumers as organisms 
feed on one anotlier. * - . 

Food web— ^an ihterlocking system of food cfiains. Since few animals rely on a single 
s'ourCe of food and because no food source is consumed by only one species of animal, 
tT!e separate* food chains in every- natural community interlock and form a food web. 

Girdle — in dinoflagellates, the horizontal groove the transverse flagellum lies in. 

Heterotrophic — uji^ible to synthesize organic. molecules from inprganic molecules; nutri- 

. tionally dependent on other organisms or their products. ' ' y 

I^origitudinal flagellum — in dinoflagellates, tke'fla^llum which lies in the suh^us; allows 
for forward motion. ' , ^ ^ 

Luminescence — light emitted from organisms by physiological processes, chemicaf 'action, 
^friction, electrical, an4 radioactive emissions. Luminescence in marine organisms is 
probably an^ adaptation for recognition, swarming, and reproduction. 

Parasitic — living in or on the' body of another for a period of time and getting nourishment 
from other organisms called a host. 

Peridinin — a xanthophyll peculisfr to the dinoflagellates. ^ 

Phytoplankton — the plant forr/s of plaig^rt. i ^ 

Red tide — a bloom of certain^inoflagellates (Gonyatilax and Gymhodinium) ifi tvkich con- 
centrations, of poisonous substances are released into ►the watecy 

Sulcus — in dinoflagellates/the vertical groove in which thejongitudinal flagellum lies. 

Theca-ecell wall. 

Toxin^a poisonous sy^stance produced by bacteria and other organisms that a?^in the 
body or on foods, v 

Transverse flagellum — in dinoflagellates, the flagellum which lies in the girdle; allows for 

sideways movement. ^ 
Trichocysts — sensitive protoplasmic threads in sqme protozoans which are concerned with 

protection. ' 
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^ Activity: What Kinds of Algae Can Be Foun^jn My: 

Seaweeds, as they are called in'd^ marine environment, or pond scum, as they are called 
in the freshwater environment, can be found in just about all habitats. They may constitute 
a major food source for the herbivores or first Iievel consumers of a water immunity. 
These very important plants go unnoticed u[ilcs^ they^ become so plejitiful that they be^ 
conie a nuisance and interfere witK the life stylesithat people enjoy. Without an adequate 
diversity and quantity of aquatic plants many food chaiil^ cannot e^cist. As you explore 
some of the algal §pecics,j^k<mic to your area, think dtjtio w ^heSS snWl or|anisms play an 
inriportant role as thcv^jfi^^ the food chains of' the body oT^water you are sam- 

objectives 

To collect algal specimens of your local area. 

To pfece the cbllected algal specimens in the proper algal grouping. ' ' . - 
To ejjamine microscopically the collected organisms to observe similarities and differ- 
ences. 



Materials (for every two students) ' , ' 

S ' . \ " / ■ . 

'1 wooden or plastic slide . box j^ith tdj? and bottom removed, 18 clean glass slides, string, 
wire (about 8 feet in lengUl^, 'nj^il 



the water supdlIy*to be saijipled and determine where the samples are to be taken, 
udents may wmt%o sample the top six inches of water column, while others may 



Select 

Some students may wint%o sample the top 
want to sample lower in the water column. ^ ' ' 

' Take the slides and place them in the slide slots in groups of two. Leave a space between 
the first pair of slides before placing the second pair in the box. After all slides have been 
placed in^he box, tie a spring around the entire container ^o that the slides will not fall out. 
Tie the wire onto the sljxle box and allow it to hang in the water to the desired depth. 
Complete the data sliVet and check ypur algaj Samples to determine growth patterns and 
diversity at your s^ptpling site. It is tqggested*that you leave the sarftples in water a few 
days before ch^ekmg them. Give the algae a chance to grow.ther^decide the time intilipval 
between checking of the sampler (Figure 1). . ^ 

■ ' < \ 



Figure 1. Algal sampler 
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DATA SHEET 



Selected water sampling site ±^ 

Length of time between checking of the samples . — _ 

l5ate sampler placed in the water : to the depth of . 

General observation of the sampling site include: . 
Macroscopic : ^_ , — ■. : 



Microscopic: 



Date Quarttitjy.of 
• r^rganlsms; 



Diversity of : New Organisms Organism no 
Paganisms (7 \ longer present 
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Date 



Quantity of > Diyersityof New Organisms Organism no 
Organisms Organisms ' longer present 



Date 



Quantity of Diversity of New Organisms Organism no 

Organisms Organisms ' longer present 




Date 



Quantity of 
Organisms 



Diversity of 
♦ Organisms 



n4w Organisms; . Orginism.^no 
jgpger present 



1. Did you expect to collect different kinds of algae?_ 
How many different types of algae did you collect? 



2. Did your classmates seem to collect the same species as-.you were able to collect? 
. Explain. . --^ ■ 



3. Make a list of the algal species collected during this investigation and the specific site 
or Jiabitat in which it was collected. 



Name 



Habitat collected 



Abundance 



■ - i 



4.' Can you explain why you were .not; able to collect all of these species in;your algal . 
^ simpler?^ . '. , 2^ — — - — 

.5. What are the major pignients of the algal Species that you have collected? ^ 



Alga , 



or pigment 



6. See if you can design an experiment to check the affect of variou/kinds of pollution on 
the algal species that you have collected. 



- VOCABULARY ACTIVITY FOR CONCEPT G 

Below you will find scrambled vocabulary words related to Concept G. Unscr^lmble the 
letters of each word and write i^'in the blank provided. 



1. 


s 


u 


u 


c 


1 s 


2. 


h 


e 


c 


t. 


a 


3. 


i 


n 


i 


n 


i d p e r 


4. 


i 


X 


n 


0 


t 


5. 


0 


b 


0 


1 


m 


6. 


i 


d 


0 


n 


a n X i n 


7. 


r 


i 


g 


d 


e 1 


8. 


f 


1 


1 


1 


a a g e 


9. 


t - 


e- 


1 


a 


1 e g a 1 f 


10. 


h 


h 


0 


1 


0 p c n t 
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. ^VOCABULARY ACTIVITY FOR CONCEPT G . 

Listed in alphabetical order below is a group of syllables which are not true syllables. 
Figure out the words according , to the definitions given. Cross pff the-syllables as you use 
them. Place the words in the '^rid. . ^ ^ _ ' T . ' • • 

ce cen cn cus di di fla gel ho id la la lo lu mi nes nin no ob pa. pe 
phy ra ri si sul st te tic tic 



L 
2. 
3. 
4. 
5. 



7. 



1. Light produced by physiological processes. 

2. The cell in which a nematocyst is developed. 

3. The vertical groove in which the longitutinal flagellum lies in dinoflagellates. 

4. A xanthophyll peculiar to the dinoflagellates. 

5. A condition of living in or on another living thing for a period of time and getting 
nourishment from the other organism called the host. 

6. Refers to plants that manufacture their own foojd; autotrophic. 

7. A single-celled organism possessing both plant and animal traits; has two flagella. 



CONCEPT H 

The blue-green algae, by virture of their procaryotic cells, are the simplest and most 
primitive algae containing chlorophyll. 

^ . . ;^ ■ 

Ohfecthes , * 

Upon completion of this concept, the student should be able: 

a. To give a characteristic of blue-green algae which links them to bacteria. 

b. To name two accessory pigments which mask chlorophyll. ^ 

c. To name a unique food storage product of blue-green algae. 

d. To list several habitats of blue-green algae. - 

e. To recognize some coastal an(^ estuarine genera of the Division Cyanophycophyta. 

f. To state a contribution to the ecpsystem by blue-green algae. 
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BLUE-GREEN ALGAE 



Blue-green^ algae, unlike other algal^rms, are composecl of procaryotic cells. They do 
not have membrane bounded organelles. This and" certain o'ther traits have caused scientists 
to classify these organisms with bacteria in th'e Kingdorri-Monera.- Howeyer, they are con- 
sidered algae, and as such will be included in this discussion on the diversity of marine ; 
plants, (They were formerly classified as the algal Division Cyanophycophyta; Greek, ky- 
ands^h\^e znd phyton, plznt), ^ 

There are believed to, be about 1,500 species of blue-green algae which are widely di,s- 
tributed in both fresh and saltwater. They are found in such widely differing habitats as 
boiling springs amd the'frigid. lakes of Antarctica, where they abound. However, they are' 
not found in acidic waters where eucaryotic algae are abundant. 

Blue-green algae are not always- blue-green, but may be red, black, piirple, blue, yellow, 
or red. The Red Sea was named because of the densp blooms of one;genus which fre- 
quently occur in it. Of course, these organisms contain*'chlorophyll, but the green color of 
chlorophyll is masked by phycocyanin, a blue pigment,,, and phycoerythrin, a red pig- 
ment, which cause the variation in color. All blue-green algae are microscopic -as individu- 
als, but they are sometimes found in masses which may grow to as much as 1 m in length. 
Some of these organisms are unicellular, others are filamentous, a few form branched, 
filaments, and a very few form plates or irregular colonies (Figure 1), V' 

While the cellular organization of blue-green algae is much lik^ that of bacteria, their ^ 
color and overall structure led to their historical grouping with algae. 

'Cells of this group lack any type of locomotive organelle, but some filamentous blue- 
green algae can move. This may be } simple gliding motion, or it may consist of rotation 
around a longitudinal axis, | " 

Unicellular blue-gr^eeji algae reproduce by. simple cell division. Colonial and filamentous 
forms reproduce by fragmentation, Sexual/lproductioh has not been observed for the 
blue-green algae. Jl fu 

The blue-green "klgae are important to tbP (ecc«ystem in several ways. Capable of photo>- 
synthesis, they are primary producers, prbvidmg both food and oxygen: Cyaiiophycean 
starch is produefd and stored by blue-gF^n algae. Some species can fix nitrogen, and are 
valuable to crop production. Blue-green algae are found living symbiotically with 
amoebae, protozoa, some diatoms, and other algae, as well as with some forms of higher 
plants. They also may serve as the photosynthetic component in lichens, and sometirnes 
occur in some bryophytes and vascular plants. On the othei^hand, these algae may be hosts 
for certain fungi and viruses, V 

Some species of this group are responsible for a skin irritation called swimmers' itch. 
One group is believed to cause a chemical toxicity in certain fish. 

Some species of Cyanophycophyta found in the coastal and estuarine waters are repre- 
sented in Figure 1. ^ ■ . * 
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VOCABULARY 

Bloom— a rapid and often unpredictable growth of a single species in an ecosystem. 
Chlorophyll — the green pigment which is present in plants and is needed for photosyn- 
thesis. . * 
Cyanophycean starch — the glycogen-like storage product ©f blue-green algae. 
Ecosystem — a community of organisms interacting with each other and the environment in 
which they live, ' 

ucary6tic — ^pertaining to organisms having membrane bound organelles. 
Habitat— the place where an organism lives. 

Lichen — a plant composed of an association of certain alg^e and fungi that live together 

symbiotically. / 
Nitrogen fixation— ^se of gaseous nitrogen in metabolism. 

Photosynthesis — process of plantis by which energy-rich organic compounds are jnade 

from water and carbon dioxide using sunlight as the energy source, 
Phycocyanin— a blue protein pigment of blue-green and red algae, 
Phycoerythrin — a red protein pigment of blue-green and red algae. 

Primary producers — organisms that create new organic matter from inorganic substrates; 
plants. • 

Procaryotic— organisms lading membrane-bounded nuclei, pla^tids, golgi bodies and 
mitochrondria.- '"^ / 

Symbiotic — pertaining to a relationship in Which two organisms live together in close asso- 
ciation, ' 




VOCABULARY ACTIVITY FOR CONCEPT H 

Below is a crossword puzzle containing words associated with Concept H. Clues for the 
puzzle are given below. . ' f ^ . 

ACROSS ' . ^ . ' ' 

1. A cell type which has no membrane-bounded organelles. ^ 

2. A rapid increase in a single species. , - ' 

3. A blue protein pigment of algae. \ 

4. Algae and fungi living symbioticaHy as a plant. 
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DOWN • - - , 

^ 1. A red plajit pigment. ^ 

2^ A community of organispis interacting with their environment. 



'7' 

3. The starch bi blue-green 'algae. 
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' J VOCABULARY ACTIVITY FOR C0NC;EPT H 

Hidden in the letters below are 7 vocabulary words related to Concept H. The words 
are written vertically (up-and-down), horizontally (across), backwards, or diagonally. Try 
to^d the words. ^ i 



F, 


R 


0 


D 


s 


C 


B 


N 


M 


A 


R 


G 


L 


0 


W 


A 


D 


F 


P 


Q 




C 


D 


A 


S 


z 


X 


N 


0 




Q 


E 


R 


T 


V 


H 






.A 


D 


p 




• A 


S 


0 


P 


L 


F 


G 


E 


W 


Y 


E 


•R 


0 


p 


L 


A 

N 


B 


C 


X 


z 


u 


A 


P 


H 


Y 


C 


0 




R 


Y 


T 


H 


R 


I 


N 


0 


T. 


J 


0 


% 


E 


M 


N 


M 




0 


D 


T 


0 




0 


0 


0 




B 


G 


F 


E 


A 


0 


V 


U 


F ' 


D 


0 


P 


Q 


U 


0" 


M 




D 


Y^ 


P 


T 


P 


K 


J 


C 


0 


E 


A 


R 


S 


A 


R 


P 


c 


C 


R 




0 




C 


H 


X 


0 


E 


T 


u 


Z 


P 


M 


R 


Ij 


M 


0 


R 


I 


'B 


a\ 




Si 


f 


0 


Y 


R 


u 


P 


W 


0 


V 


E 


S 


F 


0 


H 


E 


L 


T 


C 


F 


0 


D 




T 


C 


A 


L 


M 


C 


p 


Y 


Y 


U 


M 


H 


E 


R 


C 


0 


G 


F . 


A 




f U 


U 


0 


G 


N 


L 


K ; 


T 


E 


C 


'A 


C 


Z 


B 


0 


R 


I ^ 


R 


• T 


P 


N 




H 


C 






a 


P 


V 


A 


0 


T 


I 


s 


A 


P 


T 


B 


W 


0 


L 


Y 


E* 




Y 




M 


E 


■ P 


p 


M 


C 


S 


E 


c 


D 


G 


H 


M 


I 


T 


C 
f 


D 


G 




A ■ 


0 


E 


A 


B 


H 


T 


I 


0 


P 


0 


F 


A 


D 


Y 




Y 


I 


0 


P 


E 


N 


G 


H 


A 


s 


T 


Y 


B 


/ ■ 


S 


T 


B 


■A 

Or' 


R 


's 


T 


'U 


R 


u 


D 


A 


;i 


B 


N 


M 


w 


■ E 


H 


'c 


0 


M. 


H 


A 


c 


V 


A 


. E 


I 


T 


p 


E 


B 


N 


F 


R 


E* 


D 


B 


N 


L 


E 


L 


P 


• R 


T 


S 


ID 


F 


I 


'0 


z 


X 


U' 


V 




E 


-I 

w. 


L 




•D 


F 


Y 


A 


0 


G 


B 


^. L 


K 


. M 


E 


N 


0 


B 


' L 


0 


0 


M' 


E 


^ 






A 


0 


W 


'N 


D 


-r 

G 


H 


J 


C 


*a 


S 


E. 


D 


W 


T 


I 


0 


P 






B 




Z 


E 


.R 


F 


H. 


K 


. p; 


E 


■ R 


Y 


Q 


A 


T 


U 


u 


■H 


I 


R 


K 


M 




A 


D 





Answers: symbiotic, proearyote, phycoerythrin, phycpcyarifn, lichen, cyanophycean, 
bloom. 



^ ^ . 1^ ' CONCEPT I 

Marine bacteria are procary^tes which influence the physical, chemical, biological, and 
geological processes in the oceans and estuaries. 

Objectives 

Upon completion of this concept, the student should be able: 

a. To discuss the process of rnineralization of organic matter, 

b. To explain the significancelof decomposers to the ecosystem, 

c. To list three characteristics of marine bacteria, 

d. To n^ame the three types of marine bacteria-,^ 

e. To differentiate between cocci, bacilli, and spirilla bacterial forms. 

f. To give one beneficial and one harmful result of bacterial^cpvity. 



MARINE BACTERIA 

Mirine bacteria ^re-^wid^ly distributed in the sea^They can be isolated every^v here in 
oceans, estuaries and salt/Tnarshes. Populations are largest near shore where Water is rich in 
organic nutrients. The greatest bacterial densities have been locat,ed at mud-water inter- 
faces. Itllas been estimated that 50,000 to 100,000 bacteria per milliliter can be contained 
in slioreline waters. ^ 

Bacteria's role as decomposers in marine and maritime environments is'mo^t significant. 
Bacterial activities, which breakdown* accumulated organic matter from the remains of 
plants and animals, and their subsequent release of cheniical constituents in the form of 
simple soluble inorganic matter, are of paramount importance to the ecdsystem. This prpc- 
ess is called mineralization of organic matter. In the process of mineralization,Tiitrates, 
phosphates, and other nutrients necessary for th^ growth of primary producers are recy- 
cled for plant utilization. Mineralization of organic matter occurs at the bottom of the sea 
(mud-water interface) where organic detritus^ccumulates and in upper oceanic waters, just- 
below the level at which the greatest concentration of phytoplankton are found, Her^ dead 
and dying plants and animals settle and are subjected to bacterial action. 

The bacteria also contribute to the ecosystem by serving as an important food source for 
many filter and deposit feeders. Bivalve mollusks, copepods, annelids, rotifers and proto- 
zoans are some organisms whibh feed on bacteria* 

During times of high metabolic activities, marine bacteria can deplete oxygen in surface 
waters and bottom sediments^ This oxygen depletion causes the deatK^f many organisms. 
The lack of oxygen can* also cause significant geological changes to occur. The sea floor and 
its characteristic "ooze" can be altered as bacteria hasten the consolidation and HthiHcation 
of sedimentary materials. It has been observed that the alteration in tKe proportion of 
chemical elements of organic sedimeqts by bacteria form petrolfeum-like deposits in t'he sea. 

Like. all bacteria, marine bact^a are procaryote^. They do not survive unusual environ- 
mental stresses. Most are nonsporogenous rods or spirals. They are usually smaller than 
non-marine forms. Most move by flagella (Figure 1). The stationary types attach them- 



selves by pili, mucus slirne or "holdfasts". Marine species are highly pigmented. Cultures 
can be pink, brown, yellow, green, or orange. Many are luminescent an^ give off a green- 
ish color in the* dark. ^ , y * 
The majority o^ marine bacteria (Figure 1) fall into the three types listed beio5v: 

1. Myxobacteria — single celled; pointed rods; capable of 
' movement; colony lacy; flame shape. 

2. Eubacteria — a) cocci (singular, co^:cus) nonrhotile, clusters 

or in groups of eight. 

b) bacilli (singular, iDacillus) with or without 
spores, {Pseudomonas; Photobacterium — 
luminescent) . 

* c) spirilla (singular, spirillum) — flagellate, 

3. Spirocheta — large sleqder helical; common in naarine muds; 
- most anaerobic f-CmhVp/r^iJ, 

Marine bactcri.\ are responsible for the rapid spoilage of seafood? The deterioration of 
nets, ropes and cables is the result of bacterial activity. 




cr5 



5^ 




A. cocci (spheres) 



B. bacilli (rods) 





" C. spirilla 

Fig.ure Bacterial cell types. (Adapted frorn Muller, 1969). 



^bCABL#.ARY 

Bacillus — a rod shapedljacterium. 
Bacteria — microscopic plant-like organisms. 



Coccus — a spherical bacterium. ^ ^ . , 

••.^ Decomposer^an organism that breaks down the ti/sues and excretion of other organism^s 

into simpler substances through the process of decay, 4 
Deposit feeder — an animal which engulfs masses of sediments and processes them through 

its digestive tract, 

Ecosystehi — a^community of organisms interacting .with each other and the environment in 
^ which they live. ' 

Filter feeder-^any organism which actively filters suspended material out of the \^ater 

column by creating currents.. 
Lithification-^consolidation into rock either from molten lava or from a state of loose 
aggregation as sand or gravel. * ' 

' Luminescent organisms — those which emitted light by physiological processes, chemical 
action, friction, electrical, riadioactive emissions. y 
Maritime — relating to or bordering on the sea. * 

Mineralization of organic matter — the process of br'eaking down the accumulation of 
organic matter represented in the bodies, secretions, feces, skeletons, and other remains 
of plants and animals, releasing their chemical constituents in the form of simple soluble 
inorganic ions. ^ 

Nonsporogenous — ^^does not pro^duce spores. 

Organic detritus — very small particles of the decaying remains*of dead plants and animals; 

an important source of food for, many marine animals. . , 
Organic nutrient — a carbon containing substance which promotes growth and de- ^ 

velopment in organisms. * ^ 

Pili — thread-like projections from an organism used for attachment. 
Primary producer — an organism that creates new ofganic matter from inorganic^cttH' ^ 

strafes; plants. ^ ^ ' ^• 

Procaryot^;:;— an organism lacking membrane — bounded nuclei, plastids, golgi bodres dnd 

mitochondria. n 
Spirillum — a spiral or corkscrew-shaped bacterium. ^ 

• ; / ' Activity : Stainmg Bacteria 

Objective . ' 

To b^serye the variety of bacterial cell types^ ^ 

bi^oth cultures of bacteria, slides, microscopes, inoeulaiion^Hoops or rourid wooden sticks 
6-8" long, crystal >aolet stain''", alcohol lamps or Bunsen burners, paper toweling 

* Procedure ' . 

1 . Place on^e or two drops of the culture onto a clean slide by using a loop^ or wdp^cti 

stick. ' V ^ "^^V^'-'t^ 

^ , 2.. Using the loop or stick, spread the liquioover a 2 cm area. ' . - 



Dissolve* 2 grams of cfysial violet in 20 ml of 95% ethyl alcohol. To this, add 80 ml of distilled water. 



i ^ • ' ' ' * ' ■. * '■ ^ . • • • • 

3, Let the slide air dry. • ' 

4, Heaufix by quickly passing the area of the sHde with the bacterial film through the 
"Vflame three or four times/ILM SIDE UPIDd NOT "COOK" the bacterkl f^lm. 

5, Let the slide, cool to room temperature. ^ . 

- 6, Hold the slide, film side up, over a sink. Add 3-4 drops of crystal violet to the bac-^ 
• teria. 

7, Let stain stand for 15-30 seconds. 

8, Rinse stain off with a slow stfeam of water. ' . T 

9, Press the end of the slide to a piece-bf toweling to remove excess water, 

10. Remove remaining'water by gently blpttin^ the slide. DO NOT WIPE. 

11. Let slide dry before examining under the miscroscope, 4 - • ' 

12. Place the stained bacterial slides under the microsQope, Coverslips are ^ot necessary. 
Focus on the bacteria with your low power objective! Look for tiny purple specks, " 
Bring the specks into sharp focus. Swing the high-power objective in^ place and re- 
focus with your fine adjustment knob. Observe the size, sh^pe, and arrangement of 
'cells. Draw typical (!:ells* below, . 




Were most of the cells rods (bacilli^or spheres (cocci)? . . " . 

Did you note size variation between the cells or ceH groupings? 

Suggested Demonstration 

If an oil-immdrsion microscope is available, slu^dents should observe the bacterial cells •at 
higher magnifications. ' ^ ^ ' . , 



Preparation of Broth. Cultures.. 



Dissolve a ggam of^eptoneMn 100 ml of distilled watefor 1 bouillon cube in^a pint.of 
distilled water. Fill several screw-cap tubes or test tubes with cotton'plugs V4 full :;5vith the 
broth. To obtain a variety of bacterial "cHl types, e.?^pose some tubes to the air and plafce 
- spil in the others before' capping or plugging. 'Within 2-3 days you will h%ve adequate ^ , 
. 'cultures,^ Note that sterile technique is not necessary, ^ ^ . " " ^ 




Activity: Collecting' and Culturihg Marine Bacteria 

r ^ ■ "S: . 

Objectives ^ ' • ' . . ' ^ ' 

To )pollect and isolate some comtnon poiid or mari^ ' ^ ' 

serve the growth pattenis^pf tllese organism^ on artificial media. • 

^Materials ■ . ^ t ' ^ 

autoclave, home pressure cooker, or pven; distil!e#wat€r, habitat water (filtered), disin- 
fectant,"nutrient agar or gelatin, peptone (bbuillon cubes J, screw cap test tubes, inotulat 
. ing loops' (Q-tips), Bunsen burners or alcohol lamps, cooler, petri dishes (disposable 
sterile, if possible)^ single-edge razor-blades * * - 

Procedure . ' ' * *^ . 

A. Collection of seawatef samples ' ^ ^ _ . 

1. Wash, rinsfe (distilled wat-er) and dry seveVgil screw-cap test tubes. Loosely screw 
"caps on the tubes. . ' ^ . • ■ 

2. Autoclave at 15 psi for 25 minutes oV wrap in foil ancT place in an oven of 350°F 
for 1 hour or more. s < - 

3- After sterilization ahd.cdojing, the tubes are readyr ^ ^ 
4/ Hold thetube under the water at.the desirecj; water level. Remove the ca^ with 

one hand and tilt the tube with the other hknd. This allo^vs the tube to fill easily. 
'5. W^ea tube is % full, recap :tht tube while under the water. 
6^ .Remove tube from water, label, and place- in a cooler until culjur^g the sample. 

B. CdyLectiqri of sediment samples J \ ■ 

* ' IV rVep%e|everal tubes.as descrilied in "A". . ^ . 

. * 2." Wrap several sinele-edeed ra^or blades i*n foil individually and sterilize as men- 
tioned m " A . ' V ^ ' * ^ • 

3. At the ^sampling site. (beach or edge pf pond), dig some of the suhRS^-rat^ up with 
^ . the Sterile razor blade. . * \ ^ 

4. Fill a sterile screw-cap test tube 16 full with your substratcamaterial. " .. fe. ■ 
' 5. Place well labeled sample tubes ill a cooler. ^/ . &^:a * 

^. Collect some habitat water m a sterile container. This wa^6m)uld be autoclavec 
\.at 15 psi for 25 minutes or |j)oiled for 10 minutes. * 
■ C. 'Pteparatipn of media 
Sea- Agar 
' 1^ liter filtered sea water 
•. * lO gr^sjJeptone . ; - , / * 

. ' 15- grams i^agar ^ . . ^ : , , . ' ■ 

20^25'sterilqrplates (disposable or Qven'^terilized at 3|^^ . • ' 

V Add t^Vingredients add heat until ^ thehot. 
liquid m^diunfl into 2-50 ml^flasljs.. Plug with^COnoriHwads/AutoclaA^e for 25 minutes at 15 
.f?^^. loool ro^6 and pour plates. Invert piSteiv'a^^^^ Preparitiion of .medi 

arid pquring-of plat;e's shbijdfc > '^-i^'- - ■ '^^'-^ - 



\ 



J 



If you do not Jiave an autoclave pr pressure cooker, other kitchen msfterials can be used 
to make th^nied^ia.,An/artificial medium can be made with gelatin andpomllon cubes. • 
Sterilize petri dishes as explained above. Then' boil 2^2 pints of your habitat ^ater (fresh-^ 
" water.for^ond sample, salt watcF-tfor marirje samples) in a ppt with 3 bouillon cubes. 
/ Remove fats and oils. Dissolve 8 envelopeV of gelatin in it. Add a pinch of salt. Divide the 
gelatin-bouillon mixture, among 60 petri dishes. Immediately. cover the dishes. After, 
, medium solidifies, invert plates so that water droplets will not feU onto the medium. 
D^ Streaking plates . ;. ^ ,^ ^ 

1.. Each student pair should obtain three petri dishes; one for a cojitrol^ one to 
^ streak with the wateft«ample, and^e to;streak,with sediment sample. Label the 
^ plates with sample designation and your name. 

2. Light the burner and flame the. loop. Remove the^fap pf^the w^ter sample and 
flame" the mouth: Jf inoculation loops are lio^ available, the students can streak. 
^ . ' ' the plates as described below*\^ti^5"^^ps which havfe been. individually wrapp'ed 
' in foil and sterilized iaan overi,a^5C^|^.for 1 hour. 
.3. Insert the loop (Q-tip) into the witefr^^- withdraw a loopful of the sample. Try 
. not.to touch the sides of the tdbe as ypu remove the loop. Flame th^ mouth of 
the tube and screw cap back on. If a Q-tip was used, nt will be necessary to press 
• .excess water off on the sides of th'ei test tube. ' ' _ 

"Mop" with Q-tip or "streak" with the loop carefully o^|jH|b surface of the 
media (Figure 1). Do not break the surface of the medium.; ' 
Replace lid of the p'^etri dish. Flame loop. . ^ 

Invert 4>late and incubate at room temperature for 3-4 days. v 
Fpr'th^ sediment samgle, add 'sterile habitat w^ter untif'the tube is full> Screw 
c^ap on the tu^ and shajce 2D-3(? times: Allow the sediment to settle. 
Repeat stejpl^^ 



6: 

7. 





/ /.9.* MakeMaily''observattons*and^r^^^ number of colDaies, " y . 

^ : , . V ;*c^6V, size of colonies, and shape of colonies. ' . • . 
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Roughly sketch two different 
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E. Smears for staining ' 
1. After 4 days, place a drop of water on a slide. . , . . 

V 2. Flarn^he inoculating loop and^pick off a^small amount of a chosen colony with 
the Ibop and mix it with the water drop on your slid^. - 

3. Flame the loop! Let the slide air'dry, hieat fix, and;3tain. • . ' 

4. Repeat for as rhany different types of coltrfi^s as possible. 

^5.. Observe the stained slides under the microscopy. Make rough sketches of the : 
cells ypu have stained. } \ . ' . .. - 




6. Descrjbe the colonial characteristics and cellukV characteristics for each bacterium , 
. yoii have stained. . ^ . s . / 
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VOCABULARY AGTIVITY FOR CONCEPT I 



iWfjknds in these puzzfes, when sdjvedyvill yield a defined term related to Concept I. . 
The ^uers under the coluihn below the gW^gp. into the ,boxes tdirectly above then).tfYour 
job ts to decidte which letter' goes inkPwhich box. As you \ise a letter,^cross-it off: Note 
^ that some words are continued from One line to ,th^ next. end of a' wprd is indicated by 
a black s'quare. • ^ ' ^' . ^ ' ' ^ 
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^ VOCABULARY ACTIVITY FOR CONCEPT I 

^ r 5 • ' " • - • 

Hidden in tKe lefters^elow are 7 vocabu^ary words related to Concept L The words 
rnay be writ^en^y^icldl)^ (iip-an^^ horizontally (across); backwards, or diagonally. 
Try to find the 8 words. WKf 
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Answers; bacillus, bibteria,' coccus/ pr>5carypte; JitMficjriorii.'fniheraK^^^^ i&Onsj^orogenoiis, 
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CONCEPT J ^ 



Sea grasses are subrhe^ed monocots which stabilize the bottom* sediments, contribute 
J food, and provide a habitat and refuge for marine organisms.; . . 



Objectives . - . 

' Upon completion of this concept, the student should be able: 

V a '•To name three sea gyass^s af the fi^ 

br To give tY^o i^^^difrc.atloH tlSIf pl^ht bo^. of sba grass'es. 
. c. To list two way& tlie sea grasses bel^efit ithi&ir ecosystem. 



V 




To dis^cuss.hcWsea grasses differ ffbm ^gie. 

-■- > Vv- ".v- . 

. » /-I- . . • , . • ■ 

• -I' • * ^ - ' ■ 

"'\:V.'V' /-^.'-''^ . - ' - • . 

- • -w^^ 

There are many^flowerirTg.f?lants closeli^^^b^iated^xsi^^ mailne environment. Theii^j 
^ rarige extends from the manggfjve thickets of^he'tr^c^'t^lje salt iji^rshes- of temperate 

regions. HpweVer, few of rhese qualify as seav|eeds^^^^ni05t do riot grow wholly sub- * 
.merged. There are ^ight genera, Including.alDout fifty species,. which fall into the sea grass *' 
-Category. These are' not true-^grasses, but are members of the"pondweed families. Many sea • 
grasses are tropical in origin, ^r\d several species are found alongi;he tjulf Coast of ;the . 
i^Unitjsd States. / . ' .^ ^ • * ' * a 

ThVmpnoCots tailed sea grasses resemble *true grasses in their general stnfcture. "^W«y • 
have* long Jeaves, rhizomes, and^|rbfous root systems. Many scienosts. theorize ^lat sea 
jf >grass^s evolved from freshwater fhbnocots tha>«pVead from rivers' into tl^e Cce^^, ^ ; 
^ ■ Sea grasses are hydrophytes*, plants that grow underwater. Coriseiquently,- their tissues 
. are not as complex as those of thfe tftig grasses. For exampk, in sea grasses the vascular 
system-is poorly developed, and the<titicle and stomata are lost ^m tKe^ epidermal layer. 
Reproduction is highly sp^Milii^ed. ? , ^ * ^ 

The ecological<role of th.i^ plants ir^^eny important in the sublittoral environment. The 
spreading^^ySji^^ Sediment traps and helps to stabilize sandy bottoi?i 

• / sedini6^>-.^^^ /ig. f: • : , ^ ^ • > •. 

... .TTi'e.srgm:^^^ food sftwirc^nrheir pro^cti^vity.may be even greater than 

that of hefiftic 



Hty'prQyide'^^}^ directly and mdirecdy for many animals.. 
Shpther iniSbP^ift (X^ to th^ ecqtW§lem lies in.^t^fact that 



prdvides&^habitat/dri^ fpr^^greiaSt^U^ including shrimp, Grabs^ ^ 

scallops, anct niany fish. Their^gVeat value as nursery artas- for animals can'hardly be^es- • 
'timated. T^fee. plants also seryd^as a sul^strefte for m^ny invertebrate species and for algae. 

St^arfisS, ^ea^jrchins, soft cojft^s, ^d sea-biscuits are arrtorig oth^ ahimals using these " • 
V:gra1jse^ for snelter. Sea grassil ocQtar froin mean l(!(Jv tide tc^tlikty meters iij depth. . t 
Mississippi Sound m^kes'up' a 1 J^"^ortten'1^7l^.^^^ of the territorial marine/ 

, waters under the fiimW*"'^" of -tiae /tate of IV^j^sissjp]^^ is part^pf ^liie coa^tSl .w^i^te*: 

•'. .6f-AlaB^mua. This bo dy^f water operi.GuK oV ' 

. Mexico tw a chain oIP' barrierjslands". " ' * * ^ ■ 
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More than half of the sea bottom of Mississippi Sound is ,compt>sed of mud,. especially 
near the mainland. Toward the barrier islands, the bottom becomes sandy. Shell reefs 
occur' in both the eastern and w^iterrf Sound and in various locations along the m&nland. 
The amount of shells mixed with the bottom sedimentSAraries. : • 

Ejy^ensive submerged beds of sea grass occur on the sancjy bottom, especially near the 
barrier islands. In 1969, the Gulf Coast Research Laboratoiy mapped the bottom of the 
, Sound under the jurisdiction of M^sissippi and touncl approxTiiTiately 20,000 acres (31.? 
square miles) covered. by rnarine sea grasses and algae. Scientists belleye that-^the total area 
of sea bottom covered by vegetation may fluctugti from year to year and over a period of - 
several yeart. ^ . - • ^ 

Five species of sea grass are found in MississS^ 
be^tidetteij/w'idgeon grass maTritimcQy turtle %riss (^Bala^sia tistudinumX manatee 

grass (Cymodocea filiformis), md Halophila engelmannii which ri^s^po common mme (Fig- 
ure 1):^ Being tropical in origin,' the sea grasses in local waters* add<a(i»|(^nensi'oft 6f tropical 
diversity to the sound. ^ ?^ \ • ' * • " * / 

Thalassia testudinum (turtle grass)' i*$ tlje i^ost common sea grass. ItKas broad, strap 
shaped leaves, 4-9 nifin wide and 5- JO. cm long, rounded at the apex. The stem is a persis- 
tent rhizome, and leaves arise in clusters from no^es. ']f\irtle grass is fovfnd froip mean low 
tide to a depth of 30 m. Flowering is rare, and r^eprodliiction is usually vegetative. 

C^modocea^ifofmis (manatee, grass) is often found mixed with ThalassiU at a^ef>th of 
2-15 m. terete lejjives grow to 35 cm in length with a diatfieter of Jibout 0.5 cn4. The * 
sheaths and bases are painted. Sexual reproduction is rar|^|^getative growth is the pri; 
mar)^ means of reprq^ctiorf^ 



t 



Ruppia^aritima '(widgeon-grass) differs frdm-other local sea grasses in that>it has n<> 
stalk. The narrow', flat, poiated heaves arise frofn^ simple to much branched partly upright 
rhizonie which is poorly attached to the substrate^ These plartts are basically a freshwater 
" species, but they are fouiid growing on rriud and sand^in the littoral and upper sublittoral 
zones. Flowering is cortimon, and sVjcual reproduction occurs more frequently in this sea 
grass than in -itiaAy other species. \ ' ^ ' . ' 

Halophila engelmarmii has, as its most distinguish4fig characteristic, elliptical leaves 
•which are arranged in rosettes at the tip of the short sjem. .Thi^af consists of. a whorl of 
■ five leaflets. Leaves are*!— 3 cm long and have faint, central veinS'Rhizomes are creeping 
-ari<f scalyV This species is found in depths of less than 5 meters,^growing with Thalassia and 
^ Cymodocea. Sexual reproduction is rare. * ^ ^ 

Mcdodule beaudettei is, a marine perennial. The leaves are slender giving a linear appear- 
ance. The leaves develoo from the nodes o£ submersed rhizomes. Rooting is from the 
nodes. The apex of eacHffeaf has three points. Each point repixsents an extension of the 
.three veins, the midiij? and two marginal veins/ ^f^' ' 



\.. These plants propagate and spread primarily by vegetativ&-grOwth* thfrough the produc- 
ti(§»n of extensive rmzome systems, ilhizomes are horizbnt^l^teros which grow in the sandy 
sea bottom. The piants adjust ^to sediment deposit's and erosion by upward pr down^ '^ 
^ growth 6f the rhiz^.e apex or growing point. (The erect stems of Hadodule be^d^tt^^ 
^ elongate "^ftically to adjust to sediment deposition. ' • 

Rhizomes and roots form extensive masses and tend to stabilize the^^d^ sea bottolri. 
Orga^fe material also accumulates in sometibeds of grasses and, in time, th^shells of scal,- 



lops,'ctems, and conchs (sea snails) become abundant. B^ds are bftefi forrjjjpi of only 6^ 
•;plant spejcies and they may range in area from a few 16 several ^Hundred squa^ feet, Shbal, 
turtle and manatee sea grasses do nol usually interraij| but ffalpphila ^rows intermbced 
' with, turtle or BTianatee grass. • . : ' • V / - ; 

• mentioned before, sea grasses ancf marin? algae support^various animal populations 

• (Figurg^). many .as 300 or more species, inc^ding more than 100 known invertebrate 
' speciesroccur in.Mississippi waters. The population of certain species varies wi4ely from a 
-«few indrvicluals to tfundreds of anirnals gej'square'meter of 'vegetation. 

Many kinds of c^arns (20 speciesf'and snails (45 species) are known to occur. grass 
beds are^also habitats fbr numerous^ru'stacearjs (50 known* species), including the5blue *crab> 
XCkllinectes sapidus) and the browrvshrimp (Perraeus a^iecus) during; some stagj^ orf -their life - 
cycles. Some 24 other species o^craBs and Jour o_t]>CTspedes of shjrifnp.ar^ fpund^aTn^pg 
sea grasses. Spofiges, bryo^ipans, cpfars,«sea whips,' sea jSiemonesTl^seshoe crab^, > • . 
Starfishes, sea cucumbers, 'and 'annelid worms (Polychaeta)iare also foufnd hcr^IjiLspme ' ^ 
*years^ihe sea hare ^Apkysia wiUcoxi)^nd the sea pork (Ap%droucium jf3t^//^it^J als^inKabit . • 
' these^^eds. ^ * J.\ • '\ T* ' ' *- . . ' / 

^ .* . 'Bedjs of mpine vego^tion provide a source of>food to sm , 

them' froni predatoYs;and5he^^h,ysjc^1 for^^ Sora^'^arftmals f^^ 

.> . frr*iccittc r^tUf^K-iz ff^f^A on •tJi^a'a^Kw tr\r\ 1 ia n L-f'/Sfc /nnir\i»fp dripl|(?tg'pla^t^llfe^^tf tjjie Wat^J^^ 

grasses Qr*bn associated slielJ , 
Sfhenus.^'Some-dthijftialS feed'Itooff-other aiiwiials'w cotniWpnity^and thti^^the^Eol^' 
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-invertebrat^es are^b&.primaty assemblage of animals foynd among the sea grasses. There 
IS. some 'evideiice that ^e species^ foimd vary* from "^ne sea grassrbe^}^other, wfeich 
seems t(^ indicate iJii^t the characteristics of Beds formed by the Wfeus_species oflKea . 
grasserare important to the particular animals associated with therh: \ >. Pb^^' ^ 

'Unvegetated sandy areas adjacent to sea, grass beds may have a few species of ahimils * 
and algae common to the sea-grass beds, but both numbers and diversity are greatly re- 

guced. A'reas/ofrmuddy bjpttom are eqiially'lacking in algal and aninvtl'species. Compafirtg 
lese readily observable facts, it has been concluded that the large numb^^f animals ' • 
found in sea grass and algal beds is dependent upon the presence of vegetation. The abun- 
dance of animals is strikingly noticeable, especially in summer months: In coipparisori to 
6ther marine, estuarine, freshwater or terrestrial communities, sea grass beds are probably 
the most diversified and among the mosx productive in the world. • ' . ' 

The presence and abundance of srna^, animals attfact many^fish, making the^ea gras« 
beds of Mississippi coastat waters excellent areas for sportfishmg. Fishes such as flounder, 
ground mullet, striped mullet, redfish, sheepshead, spade fish, white and spe^kldJ trcjiit are 
very abundant around sea grass beds. Sharks ajid rays are.often found in the vicftiity of 
grass beds, and occasionally mackerel and lemon fish. However, mackerel and lemonfish^ 
along with blue fish are fxnind generally in deeper waters along the south side of the barrier 
island's and further south in the open Girff; • " - , 

Magnificent pipefish and seahorses are found among the blades of the sea^ grasses. The 
^sea robin,vfile fish, sea bass, cowfish and puffers are only a few of the ihteresting and 
beautiful fishes associated with these undersea meadows. 



Environmental Disturbances ^ , 



'Large-scale er^ironmental disturbances, such as hprricanes,^ and prolonged periods of 
bw saline water are known to affect-sea gra?s-and algal beds. When the acreage of sea- * . 
bottom covered by sea grasses and algae is reduced, it probably causes a reduction in the 
density and diversity of animal populations associated with them. The reduction in the 
small anirr^al^undanGie may cause\he populations^of certain sportfishes to shift to other 
locatio^is for food. . J8r 

nTHus, large recurring weather cycles are impoj-tant to the environmental conditions af- 
feotmg these beds of vegetation. In pas6years, sea grasses and marine algae may have 
occupied much. more sea bottomlTian that recorde'iiA 1969. During periods of drought, 
when ct)astal waters stre^/naintaihed at relatively high salir>ities, sea grasses and-maiine>l^e 
are probably more 'abundant. As th^marine^flora develops, subsequently the mariile fa^al 
community. i^reases also in de||pity and diversity resulting in concentrations of 
sportfishes. Supported by the U.S. Army Cor^^s q£.Engin^s, the -Gulf Coast Researcl^^ 
Laboratory has developed techniques that cQuld he used to /extend barren sea bottom areas 



*^ to potentially prqduct!iye areas. Simple anchoVirig^ devices cdrrstVii'Cted from wir^ mesh and 
iron rods \^ere used to hold'portions'of' sea grass^jto tha bottom ;uiTjlfn .m became.^stab- ; 
Hshed.^: . ^ A: ' ^"^' '■'^ '.'^^i - 

At present ti^efre are'^limitatibns to the application of these t^chniqujss. Ho.weve:r/b6ii 
si'd^rable potential exists' for rhanagement'bf sea* grass an^^ algal beds. ItVay;b(tfe*ibJe 
:tr^Vplant cerf^iA sfiecies pf plants areas disturbed cha^^^ ipainteham:e,^pi^^^'^- 
'•/^d other cbtsfal-^en^meerlig ppUje(its;'in addition tS'^eas.destroy-fed By i^ur||.( 
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To suggest that maii's efforts can produce results that mimic nature would be bold. But 
th^naturai establishriiem ot sea gr%ss ckn be significantly aided and put into motion by [ 
[ man, thrmigh titasplanting program effects, on the > 

tnarine'en^ironment. ■ */ ; ' • 



VOCABULARY 



Cuticle — a waxy material (lipoid) which cov^irs the outer sv]|[||^ce cells of leaves and some 

other plant parts to red^c.e water loss, p ' ^ v 

' Hydrophyte — partially or wholly^immertied water plant; dwellii^m wet.^aces or water. 
^Moribcot— a flowering plant that developJsift^ngle seed leaf (cotyledon), flptl parts in 

thr^^pr multiples of three. : ^ \ ^ 
rNode — the region of the stem where one o^^bre leaves- are attached. 
.Productivity — amount qf organic^ateriils formed in excess of that used far respiration. It 
^represents food potentially available to consumers.^ " v . ' 

RMzome^^ — a hi^rizontal underground stem. ^ r » 

Rosette-^a ^Ster of radiating leaves.. ^ 
Se>grass-^a gras§-like nionocotj^hlch grows ia'brackish or marine water. * • 

: Sheath^ — the basal part of a lea£or a collar-like outgrowth at a node wrapped about a stem. 
S.tomata — th& pores oropeningsf between two guard cells-in the epidermis of a plant. 
Sublittoral zone — th'atbenthif^^egit>n extendin^lrom mean low water to a Heptlj o^bout 

'too meters or the-eclge of a continental shelf . " - ' 
Teret^^ — round In cross section. » : , * ' 

Vascular ^system — the conducting tissue (xylem and phlo'em). 

'< ' • 

CONCEPT K . \ . 

' • ' . * \ . " - 5 ^- A ./' 

Salt mmhes-are productive c^ommunities of mortptot and dicot plants which demon- 
strate zonaftio^ in floral 

Objectives ' ^ 

^Upon completion of this concept, the student should be able: 

a. To name; causes of zonation in the marsh. 

bv 4 To disctiss the importance of salt marsh(^s to the ecosystem. * 

c. To differentiate between halopbytes and pseudoliajophytes. ^ ' " 

d. To give ^neric examples of marsh plants common to the Gulf Coast. 

e. . 'To list two ways tfanspiration is reduced by sall^(BjS|b D^ 

f. To describe a typical grass flower. ^^B^^ W 

g. To cite a-chajlenge that.salt ngjj^sh plaqts face daily. ^ ' f. 

^ ; ^I^T^MA^RSJi Cp^ ; _ 

Salt mar^lx^ommunities are found innhe iittt)r^i;zone ijgjegions of.lpw waye.ertergy./ 
These plant commiinities are formed aloqg st'abls(tpnemergmg s^breliWI^ifl^the temperate . . 
-regions^ of tH^worid. - //ii* , • \ - . » 



Along much of the Co?tft of.th^Gjulf of Mexico,^ salt marsh comrnunmes have formed 
y an(! are formine in areas jwjifere^a^Qumuktron of sediitient fn sea gfassNRommuiiities permi 



ana are torming m areas^/ifere^acQumufanon or seamiem m sea grass mommunuics^ permits 
a staiiS of-smootbc^rdgrls^ojlevel6p: A?,sedim^^ this grass may m6ve in if 

^. the soil coataihs a. sufficient amount of tTrgaini.c material. 

In many salt marsh communities; algae iorm a mat on the mud, on plant stems, and on 
• shellV Hie.lower littoral zone of tide channels is primarily e>cposed'bare mud. Saltwater 
algae iri^y be foUnd in tide channels, while certain freshwater species are present in brack- 
ish regions of tidal channels, . ^ * * 

; From an ecological standpoint, salt marshes are tremendously important. They are sites 
of the production of many tons of organic matter, providing food for countless numbers 
of organisms. These areas act as^ buffer zone between saltwater and land^vegetation. 
Certaiinly one of the greatest values of the salt marsh to the ecosystem is that it providep^ 
the habitat for many species of algae, seed plants, invertebrate animals, ai^ a lar^e number 
of birds. ' . ' 

. ' Itis important that thisie^alye be stressed, for humans, too, have cooje to value the salt / 
marsh as a habitat. Many areas have been filled and houses have been built, destroying the 
natural setting, which is s0 vital to the flora and fauna of marshes. \ 

Salt marsh pfatnts are classified into two categories based upon their habitat. The first, 
category includes the halophytes. These are plams. which grow and complele their life 
|f ' cycles in areas of high sak content. Plants of the second category are called "^^be halophy- 
tes" or pseudohalophytes. Pseudohalophytes. are those plants which appear-in high salt 
* habitats for short p^riod^,t>f tinie or occupy^local^nonsalty ecolpgjcal niches ia ah overall 
saline environpnent. >• ^ * i . , V - 

Halophytic and pseudoh'alophytic plants are widely distributed in many ecological and 
climatic regions. However, they* share uniformity m taxonomy, structure, and behavior. 
■ Often the same genera or species of plants can be found in subtropical, tropical, or temper- 
ate regions. 

• Plants in the salt marsh are usually found in distinct zones (Figure 1). These zones are 
believed to be the complicate^result of elevation, scg^l type,. salinity, temperature, artd the 
amount of water the pl^ts get from the tides. The m^ost abundant grass on t]ie muddy low 
;.^i;^^j|o4is.of,the salt marsh is th^e salt marsh cOrdgrass, Spartina alterniflora. It usually grows 
7 tliter^pear^he water, and its growth looks stunted fj^rtlier away from the water. TlTe salt 
rt^a^ow cordgras's, Sfartina patens, is found higher in the marsh where the soil is sandy. 
^S0f?atens is'narroX>p^d-leafed and does not grow as^tall as 5- alterniflora. ' 
\ In some salt mafshe:^:the black needle^rush; J uncus foemerianus, grows' in tlufnps or may 
cover an entire marsh. On drier hammocks where^ater seldoni reaches,/wax myrtle (My- 
rica cerifera), yaupon. holly (Ilex vomitoria), artd cotton seed \^us\\ ' (Baccharis halimifolia).^^ 
*. are very pornmon. These grow io \>e large bushes and mak^exceilent shelter and nesting 
sites for birds, ipice, rat, and other aninials. " * ' 

There are mahy other plants scattered throughout the marsh. Glassworts, S^/icoV«w, are 
fleshy, green plants with rounded leaves. Tfiey are usually found in the sartdy areas of the' 
m^sh where salinity of the soil.is very high. Spike grzss' (Distichlis spicata) '^nd the. 
suhflbwer-like sea ox-eye (Borrichla j'rustescens) are also found in the sandy areas of thcvir, 
mal-sly(Flgi*r^ 1)1 , ^ ' * y* ' - , - ^ . 
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Figure 1. Idealized salt marsh zonation typical of the guif* (Adapted from Mauldin and 
Frankejibarg,4978). . . : ^ * ■ . ' 

Most of the dominapt salt marsh pliants look like "grajsses".^ Actually, thesp plants Belong 
to three different monecot families. These are the trye^grass family'^Pbaceae), thd* rush 
fanyly (^pncac^ae), and the sedge fami-ly (Cyperaceae). Leaf," stem,, an^ flower char^cteris- 



tics ^^^used to^s^^guish between tlie three families. Thfe flowers are highly modified 
from me typic^l^6*mp1ete flpwer of angio^ertns {Figure ZfSnd are in inflorescences {a 

cluster of flowers). \^ " - 3: ' ^ - \ 

Grasses are .herbs which have flat or roun^rstems called culms. The stems^are hollow 
except at*^he' nodes- The leaves^lternkte along the stem {2-ranked) ai)d ha^'e' pa|;allet Vena- 
^tion. Each leaf has two partll*^ sheath and a blade. The sheath surrounds^e culm and 
appears to be a tube split down one side. This is. called an open slieatht^he^bl^de can be 
flat^ folded, or strap-shaped. The,gr*ass leaf has a' small appendage called a ligule at the 
junction of the bkde and sheath. The Hgule is .thin and sometimes reduced j;o a ring of 
hairs. (Figure-3). t ' " . _ - • • , ' . ^ , * . ' 

Grasses have small inconspicuous flowers. Each flower contains a sin gl^^ pistil A^h a^ / 
singk ovary, two styled ;each witKia feathery stigm^/^and three stamens wit^jt^^.^licate^ 
anthers. Each flower is borne in the axif of a smaI4 g|^*en brict called the Jemma/Subt^nd- 



ing^d enveloping the/flowei;jis\a^e(p.iyr^ bract calfed palea. The flower, ^aFea and 
lemni^ together are called a floret.(little flower/). Florets alternate on an' axis callecj the 
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irither ' 
■ » 

BlamC^t 



Pfstil 



Figuf^"2V^Typical angAsperra flower. 



rachilla. Al the base of the rachilh are two bracts, without flowers called gfumes. Two 
glumes, a nfchilla, and the florets together form a grass spikelet (Figure 3).- ' 

The se^igeii (Cyp^raceae) resejnble the grasses.upon casual insped|||i- The stems have,. ^ ' . 
solid. culms, Asually tr^gular in shipe. The leaved h^ve channeleafblades and closed ^ t 
sheaths fused to th^ stem. The leaves alternate on tHt stem ,(3 ranked). Ligules ari? .usually ^ 

absent. T ' ^ » * 4 . ' 

The inflorescences of sedges are borne in spiketets on one*s^ of the cylm. Each flowed ' ^ 
consists of a single, pistil with'two or\hree»^tignras and Pne,t(j thc^e stamehs-zEaal-fl^wer 
bornj^ in the axil of oveHappir>g scaj^s (Eif^ ... ' • ' , \ " 5 

"Thiu-u'shes (Family Juncaceae) are dften rfriMaken for grassed and sedges. The flgwer, 



^o^yevei^; his 3 sppals and i petals. Tl^e^sepals anipetals are^ff, xlry, scalef<^like stru'q 
tiires/rln' addition ;q' petals and sepals,, ^h flower Has a single pistik.wUlx^ stigrtias ^nd 3 



; All inflorescences are termitial off an erect' 



* or»6'stamens. The leaved do not^Have-li 
^teiii 
iextensio 

tiDns whi(^^HP!lge tlieir vejVi^ T^icse ptanjs h^ve to -Or^Vcbme^i^oblem is 

*sociated .\^^|PK\^^ aro^either ih ^onstqint^Qnta|t^ 

* " ire submereedtu^ Vl'uctuatio.ns . AIsq, the soil .of nftost m^rsfies . 



ii/Some s^eciesHiaVe'an erect bract ^J^d the.involt^irjjl leaf which appearS^b^ an ; :jif^^:^^^, - 

ehsionof thest^m(Figure5).: . * ' ; t?» ' "s;^ .a ; ' ' \ ' ■ - / :;sr«i^ 

;-alt mar^^d^is live the mtertidalUonV^fe^ th^pijrits are su^jejpted t(y^^?ndi-^:^^ -A^^^^^^ 



6r thb^y^are submerged twck-niaify^w.^ ..-^ — — ^, ^ - ^. 

" is^4n^robic (lacks. oxyge|>)\*.'fhele Mt tndrsh prants/hiiv^ developed anatdhaicaly mor- 





A. Vegetative structures 

* Figure 3. Habit sketch of a typical grass, Family Poaceae. (Adapted from Chase, 1,968; 
Fassett, 1972). - * 





remains of filament 



A. Nutlet 



-spikelet 



B. Spikelets 




stamen , 



C. Flower 



Figure 4. Habit sl^etch of a sedge showing nutlet, spikelets and flower. (Adapted from 
Cha^,M968; Fassett, 1972). 
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' invofueral 
leaf ^> 
-inflor,escence 




sugma . • 
capsule (pistil) ^ 
stamen 

^^etal _ • ♦ 
sep^ ; 




sheath 




capsule 



sepals and petals 



Figure 5. Habit sketch of a J undus showing the vegetative arid floral parts. (Adapted frQm 
Chase, 1968, Fassett, 197Z)/ - ^ 

phological, and physiological adaptations S<^hich allow them to tolei;ate the^challenges of 
their habitat. > , , 1 ' - 

Salt water is "physiological dry". Thi^ can best be demonstrated by placing aplant cell in 
saltwater. Water inside the cell diffuses via osmosis through the cell membrane into the 
saltwater causing the cell membrane to shrink away from the celf wall. Eventualiy, the cell 
would. die without the water it'needs for cellular activities. Similar osnlotk f^ressure is 
placed on sah marsh plants by thef environment. Sosne plants like S. alt^miflbra actually 
take irf>^alt with water and actively excrete the sah via salt glands located on the surfaces of 
the leaves and stems. Salt crystals can often be seen on some plants m the marsfi. 'j 

Water conservation is essential to plants in a "physiological dry" environment. There- 
fore, water loss by transpiration must be redyced. This is achieved in various ways by V , 
marsh pknts. Most plants have sunken stomata, fewer stomata per unit area than. inland 
plants, thick cuticles, succulent plant bodies and trichdmes (hairs) on stems^and let^ves. 
' Plants which have developed succulence are flesKly plants. In effect, these plants have 
diluted the effects of "toxic ipnj" associated with excessive salts by increasing their volume 
to surface area ratio. " . 

Many salt marsh plants are pubescent. Over stefns and leaves many hairs called 
trichomes have developed. Th^se trichomes give the plants a greyish^green appearance. 
These hdrs reduce transpiration in tktree ways". First, the hairs reduce air movement di- 
rectly over leaf and stem surface; therefore, they help reduce transpiration. Secondly, the 
hairs increase back radiation from the plant surfaces .creating an insulated zone between the 
hair surface and plant surface. In effect; the plant ^rface is at a lower t;eniperature than the 
atmosphere. Again, transpiration is reduced. Thirclly, the trichomes prevent the spray of 
seawater from making direct contact with the live plant surfaces. 
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Oxygen IS rare in tile shells of the salt marsK^ 
flooded dlily by .tides and; die aihspaces of die 
slowly through, water. I Also, bacterial activltyi jiri 
by them occurs at the^oil surface. This create^jal 
oxygen requiremeht faf growth. They will suffpi 
The plants have adabted by developing a sys^^i 
leaves to air spaces in the roots and rhizomes; 
stomatirof the leaves, through the stems %o th^ 
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Adaptation— the process by which a spqcijbs^C 

ronment. | 
Angiosperm — a flowering^plant. 
Anther — the pollen-bearing part of a stamen. 
Axil — Ae upper anjgle between an ofgan and tl 
Blade — the lamina, or expanded part of a leaf| 
Bract — a leaf reduced to a scale. 
Buffer zqACwan arek resistant to change 
Comm^unity-^U of the populations of ( 
Complete flowerr— having sepals, petals^ stamen^i i 
^ulm — the above-grpund stem of grasses or grasslil^ 
Cuticle— a waxy material (lipid) which covers the epic 

plant parts to rjsduce water loss. 
' Diffusiofi — the transfer of stibstas^ces along a gradient from regions of high^ 

tions to regions of lower concenrntions. ^/ 
Ecological niche — the particular way in which an organisiYi obtains its foe 

organism's way of life. „ 

. Ecosystem — community of organisms interacting with each other and the environment in 
which they live. * ' \ / 

Faurj^— the anim^life occurring in a particular locality. 

Flora — plant populations of a given area; the plants or plant life occurring in a particular 
locality. , ^ " ^ < 

Floret — one of the flowers in a close inflorescence of small flowers, such as in the spikelet 
ot a grass. ' ■ 

Glume — a member of vp^^ir of bracts subtendijig the spikelet of the grasses. 

Habitat — the place where an organism lives. ' / 

H^lophyte — a plant of salty or alkaline soils. * ^ 

Hammock— an elevated tract in a plain or swamp, often densely covered with hardwood .: 
< trees. 

Inflorescence — an axis bearing flowers; cluster of flowers. ' • 

Involucral leaf — in rushes; a bract which appears to be an extension of the stem beyond 

the inflorescence. » . V 

Lemma — the o ^iliaxlal) bnct subtending a floret in flower, of [^rass _^ 



Ligule^^ — the 



rail : ^gence from the top of the 
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He blade. 



Littoral zpne^an-apea extending from shoreline to the edge of the continental shelf or to 

the 207meter depth line. 
Marsh-^a tract of Wet or periodically flooded treelesjJand, lAually characterized by 

jgrasses, cattails, dr other monocots. ^ . 

Monoqpt — a flowering plant that develops a single seed leaf (cotyledon). 
Node-7-pornt' of leaf attachment. 

Organic matter — any type of materiaydjat contains the element carbon. 
Osmosis — diffusion, of^rpaterial aci|p|^ 

Palea— the upper bract of twb^sterile bracts, subtending a floret, ^» . 

Parallel venation — the veins are so placed relative to one another that they approximate 
parallel lines. 

etal — unit of the corolla of a flower. 
Pistil — one pf the essential organs of a flower, consisting of a stigmaj style, and ovary. 
Pseudohalophyte — "false" halopliyte, . fe^ 

Pubescent — hairy; the general term for hairiness. 
Rachilla — the axis of a spikelet in grasse\ and in some sedges. , 
Rhizome — a horizontal, underground stem. 

Salt glapd — a spet^ized gland located on the surfaces of certain salt marsh plants which 

excretes excessive salf from the plant. 
Salt marsh — flat land subject to overflow by salt water. 
Sepals^—ohe of the segments of the calyx of a flower. * 

Sheath— a ba,sal part of a leaf or a collar-like outgrowth at a node wrapped about a stem, 
Spikelet— the segment of the inflorescence of grasses enclosed by a pair of glumes. 
Stamen — the pollen beating organ; consists of a filament (stalk) and the anther. 
Stigma — that part of the pistil that receives the pollen and in which pollination is effecteid, 
Stomata — pores regulating the passage of air and water vapor to and from the leai 
Style — a short or long, simple or branched s|pc arisipg from the ovary, and bearing the 

stigma or stigmas. * ^ ^ 

Succulent— fleshly; composed of soft, watery tissue. ' ^ ^ 

Transpiration — the loss of water in vapor form from a plant. 
Trichomes — hairlike structures. 



^ Activity: Salt Marsh Field Tri^p 

^ Objectives 

To observe the zonatio'n of salt marsh plants. * " 

. To observe th^ diversity of salt marsh flora and fauna. * 
' To determine the effects of salinity on floral zonation. ' ^. 

„^aterials ■ ^ . ^ ' 

boots, old shoes or waders, buckets, collection jars, plastic bags (various si^es), shovels, 
plant presses, salinity test nmeht, graph paper, measuring tap^s-, transect pdles (6 
feet high). - ''d^tt^ill^^,. neets, preservatives 
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Procedure (Field) V* 

. . ■ r ■ ''^ , 

1. Students should -^drk in^rbups of four to five. E^ch group should obtain two poles 
and a ball of cord' to n^ake their transect line. 1 \- /. 

2. The transect line skoikld be^esjablished perpendicular to the wave-shore interface. This 
is accomplished by placing one pole into the subslrate at-the Water's edge and the sec- 
ond pole at the top of the marsh. Tie the card from pole to pole to establish the transect 
line. ■ ; H . i , /: ■ 

3. Every five ni^|||s along the trartsect line, each student group should note and collect 
animal and plant specimens. Also, water sample^ should be. collected at each interval. It 
will be necessary to- label your material carefully. v • - 

Procedure (Laboratory) ' ^ 

1. In the lab, press plants and preserve animals. Try to identify the plai^gts and animals with 
available materials. ^ ; 

2. Determine the salinity qf the water samples which were taken along your transect. 

3. Each student should prepare a diagram of their transect on graph paper showing the 
variation,Hf ^^Yy m the flora, fauna, and sali^pty. Study your graph and determine if 
there was any apparent zonation in the flora and fauna of the marsh for a class discus- 
sion. . ^ , ■ 
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Salinity %o 



DATA SHEET ;/ 
(Salt Marsh Field Study)! 



Datei. 



Location. 
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VOCABULARY ACTIVITY FQR CONCEPT K 

Hidden in thre letters below are 10 vocabulary words that are used jn Concept K. The 
words may be written vertically (up-and-ciow|i), horizdhtally (across), backwards, or . 
diagonally: Try to find teA words. ' - ^ ^ 
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Answers: blade, halophyte, inflorescence,. lem/na, glume, stamen, style, sepal, succulence, 
^l|mosis . ' ^ I ' ' ' '.. 



VOCABULARY ACTIVITY FOR CONCEPT K / 

Try to complete the crossword puzzle using vocabulary words from Concept R. 



1. Resistant^ change. 

2. The loss of ^wr in vapor foriQ from a 
* pknt' 

3. .''Litt^ flower" ; a flower of a grass/ 
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ACROSS 

1. Name foi; the stem of a grass or sedge. 

2. A cluster of flowers on an axis. 

3. Stalk bearing the stigma of a plant, y . 

4. A- waxy substance on the epidermis of 
some plants. 4 

/ 5. A place on a stem where leaves are at- 
tached, s 
6. Receives pollen; part of the pistil. 



VOCABULARY ACTIVITY FOR CONCEPT K 

/ , ' -'r ^ * 

Below you will find a group of 7 scratnbled words which are used in Concept K. Un- > 

scramble the letters of each word and write it in the blank provided. Notice that each word 

has' one letter circled. If you writ"^ one of the letters dowi^ik order you'can spell out the 

1, e o 11 




What is the "mystery wo^ji 



COMMON GULF Cp MEXICO SALT MARSH PLANTS ♦ 

Grasses a ^ 

t 

Smooth cordgrass, Spartina altemiflora, grows in the lowe ,lixt6ral to sublittoral zones, 
forming a fringe around the salt marsh. This grass may grow to a height of 2 m, but 
shorter plants are also found. The leaves are tough, flat, broad and green. The spikelets 
alternate. Another common name for S^altemiflora is salt marsh grass (Figure 1): 

Slender cordgrass, Spartina patenSy is sometimes called saltmeidow grass. Often it is 
found mixed with the black rush, or forming continuous, dense stands in the mid-littoral 
to upper littoral zones of salt marshes. Stems may be 0.5 to 2 m tall, while the leaves are 
abou^ rem wide. Leaf color varies from bright green to a dulle? shade'. S. patens rises from 
a mat of last year's grc^wth, and may be Recognized from a distance by its tousled appear- 
ance (Figure 2). - . 

Big cordgrass, Spartina <ymsuroideSy can attain a height of 4 m or more. It is the largest 
of the "Spartinas" fdund growing in low saline marishes. The leaves are toothed, long and ' 
tapering with blades 7.5 dm long and 4 cm wide (Figure 3). . 

Salt grass, Dtstichlis spicata, is also called.spike grass. It is quite common in the upper ^ 
littoral regions of the Gulf Coast salt marshes. Spike grass favors the.wetter places, and it 
grows in compact colonies, ft is a very obvious grass as it creeps low to the substrate with 
rigid, erect stems and overlapping leaf sheaths. The leaves are flat and light green in color 
(Figure 4). ^ 
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Figure 1. Habit sketch of the salt marsh grass, Spartina altemiflora, wk\f2in enlarged 
- inflorescence. 
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Inflorescence 



Figure 2. Habit sketch of the slender cordgrass, Spartina patens, with an enlarged in- 
florescence. . • 
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' Ii^florescence 



Figure 3. Habft sketch of the big cordgrass Spartina cynosuroides with an enlarged in- 
florescence. 





Inflorescence 



/ 



Figure 4. Habit sketch of the salt grass Dktichlis spicata with an enlarged inflorescence. 
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Reed grass, Phragmites communis^ p a tall ^ m) coarse grass with feathery seeds. The ' 
leaves are flat approximately S dm |bng and 3 cm wide (Figure 5^ ^ , 

The switch-grass, Panicum virgaium, grows ifi tufts. It can attain a height of 10 dm. The 
blades are 4-15*mm wide and as long as 3^ dni. The ligules are densely ciliated. The 
"Th^lorescence is branched with delicate florets. The grains are purplish (Figure^6)^ 

The grass Panicum repens is found along^ the beaches and edges of marshe^ of the Gulf 
Coast. It has short (30-80 cm) culms. The blades are flat and folded. The inflorescence is 
open (7-12 cm) with distinct branches (Figure 7). ,^ 

SeJfges 

*rhe three-way sedge, Dulichmm arundinaceum,'\izs ^ round, hollow stem and attains a 
height of 2-8 dm. The leaves are alternate (3-ranked).with conspicuous sheaths. In the axil 
of the upper leaves the inflorescences are borne in racemes of spikelets (Figure 8A)^ ^ 

Spike ru^es, Eleochafis, have solitary spikelets at the end of rfie stems. The leaves do 
not have blades; The blades are represented at the base of the stem as sheaths (Figure 9). 

Another common sedge to the salt marshes along the Gulf Coast is/imbristylif'Castanea. 
It grows in the upger littoral zones of the salt marsh and along protectee^ sandy, brackish 
regions. This sedge is small, r^ching a height of dhly about 1 m. It is a deep green peren- 
nial. The leaves are narrow \rith rigid blades 2-4 dm in length. The golden brown fruit is 
comprised of spikelets in rosette-form (Figure 8B). " ' ' , 

Four sedges of the genus Scirpus common to the Oulf are Scirpus olneyi, Scirpus validus,. 
ScirpHS robustus, and Scirpus /im^ricanHS, These plants have sheaths at the base of their 
steins. The inflorescences are terminal with 4 or m^e involucral l^racts. 

5, robustus differs from the others by having se\^ral foliaceous bracts (Figure 10). 

5, olneyi and 5. americanus (Figure 11) have triangular stems and spikelets in sessiled 
clusters with single involucral bracts. They are differentiated by the fact that the involucral 
bract of 5. olneyi is less than 2 cm and>S. americanus is longer than 2 cjn. 

5. validus (Figure 12) has spilj^ts in branched clusters. The culm is round, not triangu- 
lar like 5. olneyi and 5. americanus. / * 

•Beak rushes, Rynchospora, (Figure 13) have leaves shorter than theirxulms. The in- 
florescences bear spikelets which are ovoid or lanceolate. The spikelets are numerous and 
have leafy involucres. * 

Saw grass, Cladium jamaicense, (Figure 14) is a tall sedge (3 m). It is a coarse plant with 
long leaves (1 m). .It gets its name from the rough, serrat^ leaf margins which easily cut 
human Sk'm, The jpikelets are clustered at the end of the culm. ^ 

i 

Rushes •■ ^ * ' 

Black rush, Juncus roemerianus, (Figure 15) is one of the most important members of the 
sdt marsh community, for it is quite prolific and occupies a great deal of space. This pFant 
dominates the mid-littoral zone. l^Iembers are stiff, rigid, and about 1.5 m tall. They occur 
in large tufts and are gray green to black in color. The leaves are nearly cylindrical, but 
taper at the end. The stems separate, arisirig almost singly. In mass, /. roemerianus appears 
very dar^k in color; because of Its black fruits which ripen early in summer and Ust into 
^lutumn, ' • ? 
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igUre ^t Habit sketch of the ree^^gr^ss Phragrhites communis v/\xh an enlarged inflores- 



cence. 




Inflorescence- 



Figure 6; Habit sketdi of the switch-grass RanicHm virgatum wit;H an enlarged infloresc- 
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F^ure 7. Habit sketch of the marsh grass Panicum repens with an enlarged inflorescence. 





Figure 8. Habit 'sketches. A, three-way sedge Dilichium arundinaceum. B, Fimbristylis. ' 
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Figure 11. Habit sketch oi ScirpHS americariHS. A, Inflorescence of 5. americariHS, B 
floresc^ence of 5. olneyi. ^ 




Figure 12. Habit sketch of the rush ScirpUs validns with an enlarged inflorescence. 



Cattails 



There ans two cattail species found along the Gulf Coast, Typha latifolia and Typha > 
angustifolia (Figure 16j. They .can appear in any wet area. The inflorescences are borne in 
'br6wn, cyclihdrical spikes. The plants are monecibus with unisexual flowers. The female - 
flowers (pistillate flowers) are located on the lower portion of the s^ike and the male 
flowers (staminate floVers) are located on the upper portion. 

The common cattail, T. latifoliay has stout stems and flat leaves about 4 cm wide. There 
is no gap between staminate and pistillate flowers. If a gap does exist, it is only raght. The 
narrow-cleaved cattail, T. angustifolia, has narrow leaves about 0.5-1.2 cm. The spike is 
narrow and has a distinctive gap between the upper male portion (staminate) ind the lowjer 
female flowers (pistillate flowers). , ' * 

i ' , > 

Pipeworts ' " ' ^ ' ^ ' > '. ' ^ 

ViY^t-wonSy Eriocaulon septangular e, (Figure 17) are often called bog buttons because of 
white to cream colored flowers in" button-like heads at the tips of ^lender stalks. The st^ms 
are erect rarely more than 10 cm tall. The leaves are arranged in rosettes approximately. 
2-8 cm long; The leaves are round in cross section. They areMong, and, slender tapering*to ai 
point. ' X ' r 



Dicots 

2Aiwons'(Batis maritima) are strongly scented shatbs, typically found in the maritime 



providences in the upper littoral region of the saltvrnPsh. The p^fits are succulent, have 
gray green leaves on a stiff, erect stem. The leaves^re opposite and quite hairy. The flow- 
ers are formed i^ bracts, and a cone shaped configi^ration results from the inflorescence 
(Figure 17)., 



Salicornia virginica (Figure 18), the woody glasswort, is given ihat nam because it 
makes a c?unchy sound when stepped upon. Thi* perennial, flesKy marsh dicot grows from 
a woody, creeping main stem* These plantsi have short, erect stalks which range from 5 to 
20 cm in length. Leaves are arranged in opposite pairs and they ar^ wrapped arouijd the 
stem. This causes the stem to look as if it is succulent and lifeless.' Flowers of 5. virginica 
are embedded nrtke upper joints of tbeir jpike like stems. These niarsh plants are found in 
the upper to mid-litqpral zones of salt marshes, and they also occur iq mangrove swamps. 

Salicornia bigelovii is another glasswort found in brackish marshes. It remains green 
through autumn with stiff ascending branches which may atfain a height of 1-2 3m tall. 
Unlike S! virginicay S\ bigelovii is an annuaj (Figure 18). 

There are fwo^ members of the mallow family which are found in areas along freshwater 
or upland margins of salt marshes. The rose niallow or marsh mzWovsiy Hibiscus mOscheutos 
has large blossoms (15 to 20 cm wide) ranging frorn white to pink. The seashore mallow 
Kosteletskya virginica has triangular to ovate or triangular to lanceoUte leaves. The floweKs 
are pink, lavender, or white. The flowers are much smaller (4.5-5 cni wide) than the marsh 
m'allow (Figure 19). \. 

There are several species o/ smartweeds, PJlygoijumy (Figure 20) common to the tidal 
marshes. These are herbaceous annuals or perennials. The plants are difficult to identify to 
species if mature fruits are not available. A distinctive characteristic of these plants is the 

104 ' - ■ _ .. . \ ■ . 

Mo . . ; • ■ 



Figure 17. A, Habit sketch of Eriocaulon, B, Flower of Etiocaulon, C, Batis mar: D,. 
Enlargement showing fruits of Batis maritimor^ 




c. 




d: 



Figure 19. A, Hbbit sketch of the marsh jno^Uow Hibiscus moscheutos. B, Flower of H. 

moscReutos. C, Habit sketch of seashore mallow Kosteletskya virginica. D, 
Flower of K. virginica. . . 





Figure 20. A, Polygonum (smartweed). B, Asdepias (swamp milkweed). 
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conspicuous sheath the base of the petioles. The lanceolate to linear leaves are alternate 
on the stem with smooth edges. The plants grow trailing, scrambling or ei^ect. Flowers are 
green with white to pink borders. o> ^. 

Ti^e^syamp milkweedy Asclepias lanceolata, (Figure 20) is an erect pjant with branching 
'^sterns and grows as high as 15 dm. The leaves are-opposite, usually lanceolate. T%e*flower 
is an umbel 2-5 cni wide. The flower is distinct in that the corolla X*s reflex lobes and is a 
vivid deep rose. It can be identified by its milky sap. 

There are five composites commonly found in or bordering marshes of the Gulf Coast. 
These are Iva frutescens, Baccharis halimifolia, Boltonia asteroiRes, Bidens, Borrichia frutes- 
cens. 1 ^ • 

Iva fruhscens (Figure 21) is called ttie rharsh elder. It is an erect shrub (1-2 rn tall). The 
sterns are hairy and branch freely. The leaves are hairy, opposite and lanceolate. .The flo\ 
ers are cream colored. It gtows best in brackist marshes along - -linage * :hes 

The groundsel tree, Baccharis halimifoliuy (Figure 2! iS a blirub with fleshy, toothed 
leaves. The (eaves alternate on stems which range irom oi tall. The leaves are elliptic to 
v^ate with serrate apexes. The flowers are yellowish with purplish bracts. 
Boltonia asteroides (Figure 22) is a perennial herb with freely branching stems. The 
leaves ate alternate and variable in size. Typically the leaves are linear. The heads have 
yellow disc flowers and white to lavender ray flowers. 

The beggar ticks of the genus Bidens (Figure 22) are herbaceous plants with erect or 
trailing stents. The leaves are opposite. Some species are sessiled and do not possess 
petioles. Tpe leaves are serrate. Some species have dissected leaves. The ray flowers^ are 
yellow or white and the disc flowers are yell<gw. 

The sea ox-eye, Borrichia frutescens, (Figure 23) is a shrub which can acquire a height of 
3-8 drti. It is characteristic of the maritime zone and is commonly found in the upper 
littoral regions^of salt marshes. The fleshy, finely toothed leaves are about 7 cm ia length. 
They grow on erecf stems which become woody. Stems are erect bearing obvate to oblan- 
ceolate leaves. The leaves are opposite about 3-8 cm long and 0.8^1 cm wide. The flowers 
are yellow. 
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' Sexual reproduction 25, 27, 29, 35, 
, 48, 79 

Sheaths 78, 82, 86, 87, 89 
Snnartweeds 104, t06 
Species 3, 6 
Spikelet 85, 86, 89, 9? 
Spirillum 69, 70 
Sporangium 25, 27 
Spore 25, 27^ 

Sporqphyte 25, 27, 31 . ^ \ 
' §tam.en(s>84,'85,.86, 87, 89 
'Starch 18, 24, 27: > . - ^ 

• Cyanophyoean 18, 63, 6^ 

Floridean 18, 35, 36 
Stigma 84, 85, 86^ 87, 89 



^Stipe 16, 17, 19. 30. 31, 33 
^StonRta 77. 82. 87. 8? 
Strata 41 . ' .* . 

Style 84. 85. 86. 89 ' 
Subiittoral 77. 82. 94 
Subtidal 17. 19 • ^" 
Succulence 87. 89 £^ 
S\ilcu's54. 55. 56 
Supratidal 17. 19 
Swamp milkweed 106. 107^ 
.SymbioticJally)63. 65 
Taxonomy(ic) 3. 6. 8 

Key 6. 8 • 
Terett 4Q. 41. 78. 82 
TerrestriS 1. 3. 10. 19. 81 
Thallophytes 1. 2. -14. 19. 30 
Thallus l7. 19. 30. 33 
Theca54. 56 
T^xin.55. 56 
Ti^uffspiration 82. 87. 89 
Trichocysts 54. 56 
Xrichomes 87. 89 V 
Uncorticated 39. 41 
Unisexual 25. 27, 103, 104 ^ 
Valve 46, 50 
Vascular . ^ 

Plants i, 2, 24t63,^ 

System 77, 82 
. Tissue 1, 2 
Way myrtle 83 
Xanthophyll 18, 19, 2f, 30 ^ 
Yaupon holly 83 ^ 
Zooplankton 48, 50 
Zoo^panargrin 25 
Zoospores 25, 27 
Zygote 25 
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Agardhiella 40 

tenera 36*, 45 
Agmenellum 64 
AmaroHCium stellatum 79 
Anahaena 64 
Anacystis 40, 64 . 
Aphsia willco^i 79 
Asclepias 106 A' . 

Asclepias lanceolata 107 
Ascophyllum 40 
Asperococcus 40 ^ 
Asterionella 53 ,^ 
Baccharis halimifolia 83, 107 
Bacteriastrum 53 . 
5^irJ5 maritima 104, 105 
Biddulphia 53 ' 
Bidenssp. 107, 108 
Boltonia aster oides 107, 108 
fiorrichia frustescens 83, 107, 108 
Botrydium ^7 
Bryopsis plumosa 43 
Gallinectes sapidus 79 
. Callithamnion 39 , 
Calothrix 64 ^ 
Caulerpa pro lifer a 26 
Ceramium 39 ... 
^ diaphanum 44 

ruhrum 44 ^ 

strictum 44 . 
Cerataulina 53 ^ ' 
CeratauliiS 53 
. Chaecomorphd 39 
CJjaltGceros 53 
Champia 39 
Chldmydomonas 24 
Chondria 39 

Cladiu m ja maicense 97,102 
Cladophora 14* 39^ ' 

expansa 43 _ 
Cojccochloris 64 
Codium magnum 24 
Codium taylori 26 
Coscinodiscus 5} 
Cristispira 69 - 
Cymodocea filiformis 78, 79 
Z)tf5>i 39 ^ 

pedicellata 44 
Dictyota dichotomy 32 ' . * 
Dinobryon 47 » 
Distichlis spicata 83, 94, 96 ~ 
Dityliuni 53 

Dulichium arundinaceum 97, 99 
Ectocarpus 40 ? ' : 

conderroides 32 ^ / . 

siltcuiosHf 32 • 



Eleocharis spp. 97, 100 
Enteromdrpha 14, 39 

intestinales 26, 43 

/inz^z 43 
Entophysalis 40 
Eriocaulon septanguiare 1 
Eudesme 40 
Fimbristylis castariea 9! 
Fragilarui 53 
Fucus3\,40 

ve^iculgsus 45 ' , 
Gonyanlax 55 c 
Gradlaria 40 

foliifera 36, 45 
Grinneliia 39 

dmericana 44 
Guinardia. 53 
Gymrtqdinium 55 . 
Halimeda incrassata 26 
Halodule heaudettei 78, 79 
Halophila engelmannii 78, 79 
Hemiaulus 53 

Hibiscus moscheutos 104,^106^ 
Hydrocoleum 64 - 
Hypnea 40 

muscifprmis 36 
//ex vomitoria 83 
Iva frutescens \ Q7 y 131 
JuncHS 87 ' ^ 

roemerianus 83, 97, 103 
' Kostelets/^a virginica 104, 106 
Laminaria 31, 40 
LyngUya 40, 64 
Microcoieus 64 
Monostroma 39 
Myrica cerifera 83- 
Navicula 53 " 
Nereocystis 31 
Nit2schia 53 'V 
NodularioL 64 
Oscillatoria 40 

repens 97, 99 

virgatum 97, 98 
Penaeus aztecus 79 
Photobacterium 69 t , 

Phragmites gommHnis^7, 98* 
Pinnularia 53 ' ^ ■ 

Pleurococcus 14 
PQlygom4m spp. 104 y ltd -V 
PolysiphonU 39 ' . 

dinudata 45 
Prophyra 39 . . V 

umbilicalis 43 
Pseudomonas 69 . 



Rhizosolenia 53 
Rivulania 64 ^ 
Ruppia mantima 78, 79 
"Rynchospora 97, 102 
< Sfilicomia spp. 83 
105 ^ bigelovii 104, 105 
0 ' virginica 104, 105 
S^zrgi^5«w. 30, 32, 40 

^lip€ndula31 
.^fluitans 32 
natans 32 ■ 
ScirpHs97 

» ^zr7iencizw«5 97, 101 
o/we>^'97, 101 
- " • robustHs97y lOO 
• yalidus97, lOJ 
Scytosiphon 40 
Skeletonema 53 
Spartina 
altemiflora S3, 84, 87, ^4, 95 
. • cynosuroides 94, 96 
piztem 83, 94, 95 
■Spyrtdia 40 

filamentosa 36 ^ 
Spir«/m^ 40, 64 ^ ' 

Srr^of^ew°53 ''^ 
Synura 47 

Thaia^sia testudium 78, 79 
Thalassiothrix 53 

angustifolia 103, 104, 125 
i«t//o/w 103, 104 
Wz;^ 14, 25, 28,-39 
' '''lactuca26, 43* , 

L//or^rtx 25, 39 - ' , 

ViucheriaA7 » 
thuretti 50 



